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Photonuclear  Data-Abstract  Sheets 
1955-1982 


I.  Introduction 

As  used  in  connection  with  this  collection  of  data-abstract  sheets,  the  term 
photonuclear  data  is  taken  to  mean  any  data  leading  to  information  on  the  electro- 
magnetic matrix  element  between  the  ground  state  and  exci ted  states  of  a given  nuclide. 
The  most  coimon  types  of  reactions  included  in  this  conpilation  are:  (e,e‘),  (y,y), 
(y.y‘).  ( y.n),  (y,p),  etc.  as  well  as  ground-state  particle  capture  reactions,  e.g. 
(a  ,y0) • Two  reactions  which  fit  the  matrix  element  criterion  are  not  included  in 
the  compilation  because  of  their  rather  special  nature.  These  are  heavy  particle 
Coulomb  excitation  and  the  thermal  neutron  capture  reaction  (n,y0) . While  the  energy 
region  of  particular  Interest  extends  from  0 to  150  MeV,  papers  are  indexed  which 
report  measurements  in  the  region  from  150  MeV  to  4 GeV.  Most  of  the  experiments 
listed  are  concerned  with  the  excitation  energy  range  from  8 to  30  MeV,  the  region 
of  the  photonuclear  giant  resonance. 

The  hierarchical  grouping  of  the  photonuclear  data-abstract  sheets  within  the  file 
is  by:  1.  Target  Element,  2.  Target  Isotope,  and  3.  by  the  Bibliographic 
Reference  Code  assigned  to  the  paper  from  which  the  data  on  the  sheet  were  abstracted. 
In  this  file,  colored  pages  are  used  to  mark  the  beginning  and  end  of  the  sheets  for 
each  chemi cal  element.  A brief  historical  sketch  of  the  element  is  given  on  the  divider 
sheet  marking  the  start  of  each  section;  the  Information  for  this  sketch  was  derived 
from  references  such  as  the  Encyclopaedia  Britannlca.  In  those  cases  where  the  sheets 
for  a given  element  make  up  a major  part  of  a volume,  colored  pages  are  also  used  to 
delineate  sections  pertaining  to  the  individual  isotopes  of  the  element.  Each  of  the 
sections  of  the  file,  as  delineated  by  two  colored  divider  sheets,  represents  a 27  year 
history  of  the  study  of  electromagnetic  Interactions  in  either  a specific  nuclide  or  a 
specifc  element. 

The  data-abstract  sheets  are  filed  under  the  element  and/or  isotope  in  which  the 
ground-state  electromagnetic  transition  takes  place.  For  example,  the  abstract  sheet 
for  a total  neutron  yield  measurement  for  a naturally  occurring  copper  sample  would 
appear  in  the  elemental  section  of  the  copper  file.  On  the  other  hand,  a measurement 
of  the  9.73  minute  positron  activity  produced  in  the  same  sample  by  photons 
with  energies  below  the  three-neutron  separation  energy  for  65qu  (28.68  MeV)  would 
be  filed  with  the  sheets  for  63cu.  Similarly  a measurement  of  the  ground-state 
neutron  capture  cross  section  in  12C  would  be  filed  under  while  the  correspond!' ng 
ground-state  alpha-particle  capture  cross  section  would  be  filed  under  l^O. 

At  the  end  of  this  volume  there  is  a master  list  of  the  abbreviations  that  have 
been  used  in  the  index  section  of  the  abstract  sheets.  The  listings  are  those  used 
in  the  final  published  index,  Photonuclear  Data  Index,  1973-1981,  NBSIR  82-2543, 
issued  in  August  1982  by  the  U.  S.  Department  of  Commerce,  National  Bureau  of  Standards, 
Washington,  DC  20234.  In  some  cases  two  notations  are  entered  for  the  same  quantity. 
The  second  entry  is  the  abbreviation  that  was  used  in  one  or  more  of  the  earlier 
published  editions  of  the  index. 
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Germanuim— the  element  noted  for  its  remarkable  electrical 
properties  has  a metal ic  silver-gray  color  with  properties 
somewhere  between  a metal  and  a nonmetal.  D.  I.  Mendeleyev 
(1834-1907)  predicted  the  existence  and  properties  of  a 
hypothetical  element  beween  silicon  and  tin  which  he  called 
eka-silicon.  Clemens  Winkler  (1838-1904),  in  1886,  analyzed 
the  sulphide  mineral  argyrodite  and  found  a previously  unknown 
constituent  to  which  he  gave  the  name  germanium  after  his 
native  country.  The  argyrodite  was  a recently  discovered 
mineral  from  an  old  silver  mine  near  Freiberg.  Winkler 
had  determined  that  the  argyrodite  consisted  of  755$  silver 
and  18%  sulfur;  this  left  an  unknown  substance  of  about 
7%.  After  toiling  incessantly  for  four  months,  Winkler 
managed  to  precipitate  the  sulfide  of  the  new  element. 
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Fig.  3.  Histogram:  energy  distribution  of  a-particles  from  Ge.  Curve:  statistical-model  calculation. 
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curve  for  70Ge  have  been  multiplied  by  a factor  of  ten. 
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t„  (fm) 

fl(EX.  o»)t(W.u.)*-») 

Z*  p4t 

2,* 
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2.41  ±0.26 
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0.56 

7,Ge  4.32  ±0.02 

2.49  ±0.05 
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5.2 

3,- 
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2.23  ±0.11 

36±3 

12.4 

7*Ge  3.84±0.12 

2.80  ±0.11 

37±7 

12.3 

*)  W.o.  an  WeiseVopf  single-particle  units. 

*)  Uncertainties  have  been  multiplied  by 
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TABLE  ll.  Integrated  cross  sections. 


Isotope 

(y.») 

to 

(y.p) 

(MeVmb) 

(y.  np) 

Total 

70  Ge 

1273(127)  * 

60(  6) 

40(  6) 

1463(123) 

1464(290) b 

7JGe 

1140(110) 

420(40) 

40(14) 

1690(118) 

74Ge 

1320(130) 

360(40) 

90(10) 

35(  3)  e 

1305(126) 

•6Ge 

1077(  54)* 

710(70) 

15(  3) 

1S92(  39) 

1067(106) b 

1 Result  of  the  activation  measurements. 
b Result  of  the  neutron  counting  measurements. 
c Includes  the  contribution  from  the  73Ge(y ,/>)  reaction. 
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TABLE  III.  lorentz  fit  parameters  and  integrated  cross  sections  for  total  cross  sections. 
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TABLE  III.  Lorentz  fit  parameters  and  integrated  cross  sections  for  total  cross  sections. 
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spin  0,  corrected  for  the  I 
unite  angular  resolution,  z 
The  differential  cross  sec-  “ 
tion  is  given  in  arbitrary  ‘ 
units. 


I I 


Tablx  I.  Observed  and  predicted  ratios  of  the  differential 
cross  sections  at  90°  and  121°. 


Soto  of  the 
433-kev  levrt 

Theoreucal  ratio 
/d*(  120*1 

Experimental 

ratio 

1 

0.79 

2 

2.04 

2.2±0.3 

3 

0.08 
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Table 


ELEMENT 

Yield  (36  MeV) 
( n.  cm*  \ 

^,30 

A 

—,80 

t:\x 

0-1 

(mb) 

\ mol.  MeV  / 
X 10® 

24  Cr  

83 

1.21 

2.1 

0.58 

62 

2jMn  

108 

1.52 

2.33 

0.65 

76 

J9Fe  

68 

0.88 

1.46 

0.60 

50 

„TCo  

89 

1.08 

1.82 

0.59 

64 

2«Ni  

44 

0.55 

1.07 

0.51 

34 

aCu  

95 

1.06 

1.99 

0.53 

72 



88 

0.94 

1.68 

0.56 

66 

„Ga  

130 

1.29 

2.18 

0.59 

94 



139 

1.35 

2.29 

0.59 

101 



137 

1.22 

2.18 

0.56 

100 

—f 

60  NZ  J 


b 

a (E)  d E is  the  integrated  cross  section  measured  in  units  of 

a 


the  classical  dipole  60  NZ/A  mb.  MeV. 
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Type  of 
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97 
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"Se 

(7 .58) 
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(26.3  hr) 

9.61 
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41 

£2 

l .48x  I0-* 

l.3x  10* 

—Sr 
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M9d' 
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El 
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(3.2  hr) 

9.74 

1.39 

33 

El 
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(II  32) 

'"Ca 
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(16.84) 

a 

> 

c 

(2.7 d ) 

7.27 

0.412 
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El 

8.43 x 10- « 

2.2  x 10* 

a)  The  value  corrected  at  the  end  of  I hr  irradiation  (9.4 x 10*  R/min). 


AtomK  number 


Fi$.  2.  The  yield  curve  for  the  (r.p)  reaction 
with  20  MeV  bremutrahlunE. 
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TABLE  HI.  Summary  of  the  results  of  spins,  parities,  and  total  widths  of  resonance  levels  excited  by  y rays  obtained 
from  neutron  capture  in  iron.  Parities  in  parantheses  are  uncertain. 


Isotope 

Energy 

(MeV) 

«-|Er-£,| 

(eV) 

Transition 

r,/rr 

(±8%) 

r7 

<10->eV) 

MCr 

3.388 

18  ±1 

0* 

1 

• • . 

0.90 

750*200 

SJXi 

7.646 

14  *1 

0* 

1- 

El 

0.64 

480*  50 

7<Ge 

6.018 

4.5±  0.5 

0’ 

1- 

El 

0.19 

120*  15 

73  As 

7.646 

7.4  ±0.3 

3/2- 

1/2 (*> 

• • • 

0.11 

360*100 

t0,Ag 

7.632 

9 ±1 

1/2- 

3/2 

• • • 

0.7 

2*  1 

I,JCd 

7.632 

4.3±  0.4 

0* 

1- 

El 

0.55 

86*  15 

laLa 

6.013 

8.2  ± 0.6 

7/2" 

7/2" 

El 

0.50 

51li4 

.41  pr 

7.632 

5/2* 

5/2* 

Ml 

0.46 

72!?4 

:«sn 

7.646 

9.3±  0.3 

1/2* 

1/2 f-* 

... 

0.58 

980*  90 

AOSpb 

7.279 

7.1*  0.3 

0* 

1* 

Ml 

1.00 

780*  60 

TABLE  IV.  Effective  elastic  scattering  cross  section 
<or)  = ff7(ro/rr)*U0.f0).  where  5,  J,  rs,  Ty  were 
taken  from  Table  in.  The  temperature  of  the  scatterer 
was  300*K,  while  that  of  the  iron  y source  was  640*K. 


Target 

Resonance 

energy 

(MeV) 

<»r> 

(mb) 

MCr 

8.383 

905 

“Nl 

7.646 

569 

MGe 

6.013 

61 

75  As 

7.646 

4.4 

l0,Ag 

7.632 

3.5 

1,2Cd 

7.632 

193 

139La 

6.013 

39 

wipr 

7.632 

20 

:osTl 

7.646 

574 

208pb 

7.279 

5560 
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~ ~ 4*5  eV  TABLE  n.  Most  probable  spins  snd  parities  oi  levels 

la  MGe  as  found  In  the  present  work.  Also  listed  ars 
angular  distribution  coefficients  A of  tbs  corresponding 
y Unco  together  with  M2/B1  mixing  ratio. 


Level  energy 
(MeV) 

s 

y-line 

energy 

(MeV) 

A 

X1 

M2 

El 

0.596 

2 * 

6.422 

0.044  * 0.010 

(1±J  >*!•-• 

1.206 

2 * 

4.812 

0.041  * 0.029 

<o.iilj)x  lr4 

1.486 

A ♦ 

4.S32 

0.506  * 0.078 

0 

2.200 

2 ♦ 

3.818 

0.140  * 0.040 

a.7i|;Dxio-* 

2.229 

A4 

3.789 

0.514*0.102 

0 

6.018 

6.018 

0.504  * 0.023 

0 

SCATTERING  ANGLE  (dag ) 

HG.  4.  Angular  distribution  o i tbs  eiastio  a ad  some  Intense  Inelastic  lisas  la  MOe  as  measured  using  a 20 -oo  Gel  Li. 
detector.  Tbs  solid  lines  have  tbs  form  Y(8)  - 1 + AP  t (com  D sad  ars  1 asst -square  fits  to  the  experimental  distribution. 
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Table  1 

Summary  at  the  experimental  and  then  retinal  decay  properties  of  the  resonance  levels  excited  by  nuclear  photo- 

excitation. 
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A 
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T(M2) 

tfieV) 

r<M2) 

(W.u.) 

fl2  (M2 /El) 
(x  103) 

a 3 (M2 /El) 
Weiaskopf  estimate 
(xlO6) 

™Ge 

S01S 
- 2200 

0.14  a 0.04 

120  a IS 

190 

0.89 

t 23 
17 

17  - 12 

3.2 

l°°Mo 

641 S 
- 1064 

0.20  a 0.08 

50  a 45 
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0.079 

♦ 53 
46  - 33 

6.3 

112cd 

7632 
- 617 

0.09  a 0.02 

86  a 15 

36 
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10.8 

186|y 

6418 
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46  a 35 
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18 

’HJu 

Oil 
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18' 

•■Sc 

0,2 
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18 

nC* 

0.3 
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IK 

Fig.  2.  The  same  as  in  Fig.  1,  but  for  70*72*74,76Ge^ 

Cross  sections  of  photoneutron  reactions. 
The  dipole  photoabsorption  forces  are  taker 
C6,7]  (the  solid  black  colurnns). 


k 


.G. Huber  et  al.,  Phys. Rev. 155,1073(67: 
M.G. Huber  et  al.,  Phys. Rev. 192,223(66. 


Values  given  are  for  Oq( 24.2  MeV) . 
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•Mon  • square  errors 
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TAULE  II.  Integrated  crnjs  sections. 


(Y  ./>) 

Isotope  (y.n)  (y,2n)  (MeV  mb)  (y ,np)  Total 


‘‘Ge 

1273(127)  * 
1464(290) b 

60(  6) 

40(  6) 

1403(123) 

::Ge 

1140010) 

420(40) 

4004) 

1090013) 

7'o 

1320030) 

360(40)  9000) 

35(  3)  c 

1305030) 

:*Ge 

10771  54)* 
1067006)  b 

710(70) 

15(  3) 

1S92(  39) 

4 Result  of  the  activation  measurements. 
b Result  of  the  neutron  counting  measurements. 
c Includes  the  contribution  from  the  ’Geiy.p)  reaction. 


TAM!  I.  H.  LurcnU  tit  .urameters  and  integrated  cross  sec::o-.s  for  total  cross  sections. 
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Fig.  5.  Partial  photo  neutron  cross  sections  [a(y,  n)+a(y,  pn)]  and  a(y,  2a)  for  74Ge.  Arrows  B% 
and  Btm  indicate  theoretical  threshold  values  for  (y,  a)  and  (y,  2n)  reactions  respectively. 
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Integrated  photoneutron  cross  sections  and  comparison  with  sum  rules 
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Table  1.  The  particulars  op  the  (f.n)  reaction  products  and  the  data  obtained 
WITH  20  MeV  BRZMSCTRAHLUNC 


Nuclide 

Half-life 

of 

product 

(sec) 

Gamma-ray  determined 

Limit  of 
detection 

(ms) 

Yield 

(mol“‘-R*1) 

Parent 
(Natural 
abundance,  %) 

Residual 

Energy 

(MeV) 

Branching 
ratio  (%) 

Photopealc 

activity 

(cpm/mg)*> 

**Mg(78.60) 

l,Mg 

9.9 

0.511 

200 

2.04 x 10* 

0.49 

8.1x10* 

™Ge<7.67) 

,,mGe 

48 

0.139 

100 

6.37x10* 

1.6 

1.1x10* 

7*Se(23.52) 

™»Se 

17 

0.162 
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1.82x10* 

0.55 

1.2x10* 

**Mo(15.86) 

•lmMo 

65 
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4.5 

2.7x10* 

■«Ce(88.48) 

13,mCe 
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0.745 
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1.06x10* 

0.95 

1.3x10* 

“*Nd(27. 13) 

uuaNd 

64 

0.760 
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3.19x10* 

3.1 

1.4x10* 

l**Tb(100) 

luafb 

11 

0.111 

100 

2.56x10* 

3.8 

2.2x10* 

a)  The  value  corrected  at  the  end  of  one-minute  irradiation  with  the  dose  rate  of 
10’  R/min;  Counting  geometry  is  20%  with  a 3”dia.x3''NaI(Tl)  detector. 
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18 
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0,3 
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0.654 
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«Gc 
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IS 

“Sc 
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18 

Cross  sections  of  photoneutron  reactions. 
The  dipole  photoabsorption  forces  are  taken 
from  [6,7]  (the  solid  black  colums). 

yM.G. Huber  et  al.,  Phys. Rev. 155,1073(67) 
'M.G. Huber  et  al.,  Phys. Rev. 192,223(66. 
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FIG.  7.  (a)  The  (y, «)  cross  section  for  '"Ge.  (b)  The 
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TABLE  IL  Integrated  cross  sections. 


Isotope 

(y.«) 

(V.27I) 

( y.P ) 
(MeVmb) 

(y.»p) 

Total 

70  Ge 

1273(127) 1 
1464(290) b 

60 ( 6) 

40(  6) 

1463023) 

77Ge 

1140(110) 

420(40) 

4004) 

1690018) 

74  Ge 

1320(130) 

360(40) 

9000) 

35(  3) c 

1805036) 

78  Ge 

1077(  54) 1 
1067(106)  b 

710(70) 

15(  3) 

1392(  39) 

* Result  of  the  activation  measurements. 
b Result  of  the  neutron  counting  measurements. 
c Includes  the  contribution  from  the  7 3Ge(y,  p)  reaction. 
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5.S5 
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1.41 

0.06 

7JGe 
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5.90 

17.9 

1390 

1690 

300 
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1.58 
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6.96 
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1580 
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1.66 
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’•Se 

’•Se 
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E*  (MeV) 

29 

26.3 

26.3 

26.3 

26.3 

26.5 

26.5 

26.5 

26.5 

26.5 

26.5 

<7*.  (MeV  • b) 

0.73 

0.9' 

0.78 

0.94 

1.02 

1.12 

109 
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0.78 

0.87 
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o.ss 

0.94 
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0.98 

0.90 

0.92 
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*.-*.<  MeV) 
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11.4 
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-0.8 
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31 

32 

44 
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64 

63 
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62 
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0.13 

0.18 

0.19 

0.20 

0.20 

0.18 

0.19 

0.19 

0.19 

(mb • MeV"') 

2.0 

3.1 

13 

3.2 

3.6 

3.9 

3.7 

3.4 

3.8 

3.9 

4.2 

e. i^4*l  (/<*>•  MeV) 
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Through  art  and  sleight  of  hand, 

Then  can  I curs  both  nan  and  beast, 

From  dire  disease  ofttimes  direct  them; 

But  Dreoare  me  correctly,  and  take  great  care 
That  you  faithfully  keep  watchful  guard  over  me; 
For  else  am  I poison,  and  poison  remain, 

'♦That  pierces  the  heart  of  many  a one."  (1) 
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(1)  Fr.  Basil li  Valentini  erv/miserte  Scnriften,  Gottfriea  Lietezeit, 
HanDurg,  1694,  part  2,  p.  156. 

(2)  Seventeen-Century  alcnenistic  symbol  for  arsenic. 


A=7 


59 


If) 


T.  T.  Sugihara  and  I.  Hal pern 
Phys.  Rev.  _IOI , 1768  (1956) 


ELEM. SYM. 


AS 


75 


33 


METHOO 


REF.  NO. 

56  Su  1 


JOC 


REACTION 

RESULT 

excitation 

ENERGY 

SOURCE 

DETECTOR 

ANGLE 

TYPE  RANGE 

TYPE  RANGE 

G.N 

Gr5N5F 

RLY 

THR-320 

C 140,320 

ACT- 1 

4PI 

G,3N 

G.7N2P 

ditto 

ditto 

ditto 

ditto 

ditto 

G,N2P 

G.7N4P 

G,3N2P 

G,3N6P 

G,3N4P 

G , 1CN4P 

G,4N5P 

G , 14N6P 

G,5N2P 

6»a 
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Half. life* 

Yield  at  Yield  at 

140  Mev  J20  Mev 

arbitrary  eaita) 

As'* 

17  J days 

1050 

1050 

As" 

26  hr 

110 

110 

Ga" 

5.0  hr 

OJ 

0J 

Ga" 

143  hr 

09 

1J 

Ga" 

20J  min 

8.4 

9.5 

C»" 

66  min 

4 2 

7.6 

Ga" 

9.45  hr 

0.2 

0.7 

Cu" 

58.5  hr 

0.1 

0.2 

Cu" 

12.80  hr 

0J 

2J 

Cu" 

3.33  hr 

<0.1 

0.6 

Ni" 

56  hr 

<0.02 

0.05 

Ni" 

2.56  hr 

0.08 

ai 

Co“ 

99.0  min 

009 

0.2 

Co** 

18.2  hr 

<0.02 

0.1 

* The  yields  at  both  enerpe,  we  normalised  to  the  am  flue  at  mcaanci 

***errr  (17  Mr»)  oAo«xm. 

* HoUander.  P*nm*a,  and  Snbori.  Im.  Modena  Phy%.  23.  44*  (I9U). 


Tabl*  III.  Average  croes  sections.  Average  cross  sections  for 
•be  production  of  a number  of  nuclides  from  arsenic  by  photons 
frsei  140  Mev  to  320  Mev. 


NecUde 

7 (mb) 

Integrated  crow 
•action  (Mee-mb) 

Ga" 

0.02 

3.6 

Ga** 

0J 

54 

Ga- 

0.05 

9 

Cu— 

0.01 

1.8 

Cu- 

0.2 

36 

Cu« 

0.05 

9 

Ni" 

0.002 

0.4 

Table  II.  Ratios  of  yields  of  some  gallium  isotopes 
from  arsenic  to  the  (y.n)  yield. 


Iaotope 

Reaction 

50  Mer« 

140  Mev 

220  Mev 

Ga" 

[ypn) 

46  X10"* 

80X10-* 

90X10-* 

Ga" 

(y,*2p) 

2.4X10"* 

9X10-* 

12X10-* 

Ga" 

(yjp) 

1.7X10"* 

3X10-* 

5X10-* 

• See  reference  1 7. 


" **  8 Ho,t““a  •«*  Sugarman,  Phya.  Rev.  87,  633  (1952).  ••  H.  H.  Hopkins,  Jr.,  Phys.  Rev.  77,  717  (1950). 
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Elem.  Sym. 


As 


75 


Ref.  No. 

57  Fe  2 


55 


Method 


Betatron;  neutron  yield;  threshold  detector 


NB 


Reaction 


E or  AE 


ad  E 


Notes 


As75(Y,n.') 


Bremss. 

14-30 


R - ratio  between  area  of  second 
maximum  in  cross  section  and  first 
maximum. 

R = 0.6+0.12 
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B.G.  Chidley,  L.  Katz,  S.  Kowalski 
Can.  J.  Phys.  36,  UOT  (1958) 


1ETMOO 


Betatron 


ELEM.  SYM. 


As 


75 


REF.  NO. 

58  Ch  2 


55 


NVB 


REACTION 

RESULT 

EXCITATION 

ENERGY 

SOURCE 

oetector 

ANGLE 

TYPE  RANGE 

G,N 

RLY 

THR 

C THR 

BF3-I 

4PI 

See  58  Ka  1 for  cross  sections. 

TABLE  I 

Measured  rnoToxsuTmoN  thresholds 


THRESHOLD 


Measured  Other  O values. 

Reaction  Q value,  Mev.  Mev.  Method  Reference 


A»'Ky,  »)Aa’‘ 


10.24x0.08 

(40.14x0.10) 


10.18  x0. 19 

10.3  =0.2 
10.10  =0.20 

0.92  =0.07' 
10.14  =0.07' 


Mass  data 
Threshold 
Threshold 
f Mass  data 
. 0-  value 
! Mass  data 
\ Q~  value 


Wapstra  (1955, 

Ogle  ei  aJ.  (1950) 

Sher  a aJ.  (1951) 
Duclcworth  (unpublished) 
Way  el  al.  (1955) 
Duclcworth  (unpublished) 
Way  ei  aJ.  (1955) 


"Errors  given  are  from  mass  values  only,  those  of  and  Q~  values  are  not  known. 


•M  N3S-4IS 

* / . 7.  » A.  *«» 

,mv.OC  2*0»0-Pt4 
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METHOO 


L.  Katz,  G.B.  Chidley 

Nuclear  Reactions  at  Low  and  Medium  Energies  (Academy  of  Science, 
USSR:  1958)  371 


Betatron;  neutron  cross  section; 


BF, 


counters; 


ion  chamber  monitor 


As 


REF.  NO. 

58  Ka  1 


75 


55 


NVB 


REACTION 

RESULT 

EXCITATION 

ENERGY 

SOURCE 

OETECTOR 

ANGLE 

TYP1  PANOC 

T Y PC  HANOI 

G,XN 

ABX 

10-22 

C 10-22 

BF3-I 

THRESHOLDS 

TaSauna  2 


Uopoiu  ucnycitaHu*  tpomoHeumpanoe 


HaoToa 

Bh.  Mm 

Bm,  Mm 

H 30  Ton 

Bn.  Mm 

Btn.  Mm 

V51 

11.16 

20.5 

L120 

8,81 

16,1 

Mn» 

10.14 

19,2 

prni 

9.46 

17,6 

Co4® 

10.44 

18.6 

Tb14® 

8.16 

14.8 

As75 

10.24 

18,1 

Ho>65 

8.10 

14,6 

Y80 

11.82 

20.7 

Tm1B# 

8,00 

14.7 

Nb» 

8.86 

17.1 

Lu 175 

7.77 

14.2 

Rh103 

9,46 

16.8 

Ta181 

7,66 

13.8 

J127 

9,14 

16,2 

Au.'»7 

7,96 

13.3 

Csus 

9.11 

16,5 

7,43 

14,5 

so  npuDC;icim,  nocKOJibKy  ohm  npcuumaiOT  22  Mao  bo  bcox  caynaax,  Kpowe 
aoaoTa,  juia  KOToporo  3^ = 21  Mac.  CooMCTua  ceneimii  «c(t)  CBoaonu 
s Ta6.i.  3. 


TaSnasa  1 


1 

HaoTOB  J 

•«  (S' r).  Sap* 

r.  Mm 

i*». 

Mm  • Saw* 

r<22). 

10*  N«ilmp0M/lOO  w • «»«« 

1 
v*i  1 

18.4 

0.062 

5.2 

0,33 

1,62 

Mn44 

20,2 

0.060 

7,0 

0.39 

2.01 

CoS® 

18.3 

0.068 

6.3 

0,44 

2,30 

As74 

16.4 

0.090 

9.5 

0.74 

4,25 

Y8# 

17.1 

0,172 

5.2 

0.93 

,5.32 

Nb®4 

18.0 

0.156 

7.5 

1.17 

6,80 

Rh103 

17.5 

0.160 

9.4 

1.40 

8.28 

J1Z7 

15,2 

0,273 

6,8 

1.76 

11.9 

Csl33 

16,5 

0.238 

7.7 

1,59 

10.7 

La73# 

15.5 

0.325 

3,8 

1.55 

11.2 

pr141 

15,0 

0,320 

4,9 

1.93 

13.1 

Tbi»® 

15,6 

0,274 

9.8 

2.49 

18.1 

Hoi« 

13,5 

0,305 

8.9 

2.52 

18,7 

Tmi«® 

16.4 

0.250 

8.4 

1,91 

14.9 

Lu174 

16.0 

0.225 

8,4 

1,90 

23,0 

Taisi 

14,5 

0,380 

8,5 

3.15 

22,0 

Au»« 

13.8 

0,475 

4.7 

3.04 

22,6 

Bi*«* 

13,2 

0.455 

5.9 

2,89 

23.2 

a — Buxon  4>oTone0TpoHO»  juir  As;  6 — 
■ «C<T)  VW  A* 
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.";C  Ouu.pr  X010.PI4 
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. ...  teller.  J.  Halpern,  and  E.  G.  Muirhead 
vs.  Rev.  118.  1302-12  (i960) 


, CL.  CM.  i)M.  A 


As 


75 


55 


METHOD 

Betatron;  neutron  threshold;  ion  chamber 


REF.  NO. 

60  Ge  3 


NVB 


REACTION 

RESULT 

EXCITATION 

ENERGY 

SOURCE 

DETECTOR 

ANGLE 

TV  PC  RANGE 

G,N 

N0X 

THR 

C THR 

BF3-I 

4 PI 

THRESHOLD 


Ta*L*  L Summary  and  companion  of  neutron  »cpa ration  energies  inferred  from  present  threshold  measurements  with  values  predicted 
from  man  data  and  reaction  energies.  All  energies  are  expressed  in  the  center-of-raaia  system  in  Mer. 


Kmeibsi 

No.  rune 

1* resent  results 

Other  results 

Method 

Reference 

As’*(y,»)Ash 

4 

10.259sb0.031 

10.11  ±0.16 

mass  data 

m 

oar) 

0 

10.  14  ±0.13 

mass  data 

m 

Q0T) 

o 

10.24  ±0.08 

threshold 

f 

■ Henry  E.  Duckworth.  Uui  S t* Orosco tj  (Cambridge  University  Pros,  New  York.  19SS).  p.  177. 

• L.  J.  Udoisky.  Revs.  Modern  Phy*.  29.  773  (1937). 

• R.  W.  Kins.  Revs.  Modem  Phys.  24.  327  (1934). 


•m  NllS-«  14 

V . f«l  4*  *.<•» 


.'.w 


• W*  w V-  — 


U.s.  DEPARTMENT  OP"  COMM-;"  • 

M A I 1 Oh  AL.  HUME*'lO*  ' A * • 


65 


S..G-  3atcer,  K.G.  McNeill 
Cart.  J.  Fhys.  Jg,  1158(1961; 


becacron;  fast  neutrxm  yield;  angular  distribution; 
threshold  detectors;  ion  chamber 


As 


75  53 


A1  and  Si 


REF.  NO. 


61  Ba  2 


NVB 


RESULT 

EXCITATION 

ENERGY 

souRce 

DETECTOR 

ANGLE 

REACTION 

. TYPt 

RANGE  * 

G,XN 

ABY 

THR-22 

C 

22 

THR-I 

3-+ 

DST 

G,XN 

ABY 

THR-22 

C 

22 

THR-I 

5"+ 

DST 

In  Tables  2 and 

a = average  cross  section  of  detector 
weighted  with  neutron  spectrum 


* "3-+"  Is  the  detector  range  of 
Aluminum  and  "5'+"  of  Silicon. 


$ = neutrons/100  roentgen/mole 

00 

He)  = ao^'[l  + An  Pn  (cos  3)] 
n=l 


TABLE  II 


Normalized  yields  for  aluminum  detectors 


A1(*i7)  reaction 

Al(*,£)  reactions 

Etemen*- 

30* 

90*  130* 

a*  30* 

60*  90* 

«g 

At 

(5*)*X10* 

Bismuth 

399 

567a:130  620 

541  ±85  3632 

5139±290  3168  4366±185 

0.06  ±0.06 

-0.35  ±0.1 

17.76 

478 

■423 ±130  641 

484  ±85  2562 

5353  ±290  2055  4144±185 

-0.05  ±0.06 

-0.53  ±0.1 

16.87 

Lead 

420 

312±120  725 

429  ±77  3123 

5754  ±260  3154  4591  ±166 

-0.004  ±0.05 

-0.51  ±0.07 

18.63 

Tantalum 

378 

367±I90  OSS 

441  ±122  2757 

3024  ±425  2088  2757  ±275 

0.14±0.14 

— 0.19±0.17 

11.22 

^anthanum 

208 

222±110  330 

243  ±70  2139 

3371  ±250  1891  2768±160 

0.05  ±0.07 

—0.43  ±0.10 

11.27 

Arsenic 

77 

100  ±50  108 

97 ±32  788 

937  ±115  764 

865  ±74 

0.02  ±0.11 

— 0.16±0.14 

3.52 

Copper 

13 

65±30  70 

55±20  710 

748  ±70  569 

700 ±45 

0.11±0.08 

—0. 14  ±0.11 

2.85 

♦Cc»)  - •L07X10*oa  ■QUbariHeutroa. 

TABLE  IV 

I 

11 

III 

IV 

V 

VI 

VII 

Element 

so 

(e*)X10**  *w(22Mcv)X10» 

^Casv/^taL*; 

Vanadium 

245(1±0.00) 

0.01±0.08 

-0.00±0.10 

6.05 

0.21 

0.12 

Chromium 

164  (1±0.03) 

0.04  ±0.04 

-0.05  ±0.05 

4.05 

0.17 

0.10 

Manganese 

308(1  ±0.02) 

0.07  ±0.03 

— 0.09±0.04 

7.61 

0.25 

0.12 

^:?,n 

200  (1±0.03) 

0.05  ±0.04 

— 0.17±0.05 

4.94 

0.18 

0.11 

Cobalt 

390(1±0.02) 

0.08  ±0.03 

—0.22 ±0.04 

9.63 

0.26 

0.15 

Nickel 

145(1±0.05) 

0.07  ±0.07 

-0.23  ±0.00 

3.58 

0.12 

0.12 

Copper 

347  (1±0.02) 

0.05  ±0.03 

-0.29  ±0.04 

8.57 

0.30 

0.12 

. • :inic 

482(1±0.03) 

0. 11  ±0.04 

— 0.24±0.05 

11.91 

0.33 

0.15 

ahitiium 

638(1±0.05) 

0. 13±0.06 

—0. 14±0.08 

15.76 

Strontium 

409(1±0.05) 

0. 10±0.0G 

— 0.17±0.08 

10.10 

/ttrium 

290(1±0.10) 

0.08±0.12 

-0. 12±0. 15 

7.16 

Silver 

500(1±0.04) 

0:10±0.06 

—0.22  ±0.08 

14.57 

0.87 

0.07 

Cadmium 

905(1  ±0.02) 

0%  02  ±0.02 

-0.26  ±0.03 

22.35 

iodine 

1133(1±0.03) 

0.04  ±0.04 

-0.29  ±0.05 

27.99 

1.42 

O.OS 

Barium  • 

1048(1  ±0.04) 

0.10±0.06 

—0.38  ±0.08 

25.80 

Lanthanum 

1595(1  ±0.02) 

0.02 ±0.03 

-0.42  ±0.04 

39.40 

1.04 

0.15 

Cerium 

1316(1±0.05) 

0.05±0.00 

—0.39  ±0.08 

32.50 

Dysprosium 

1052(1  ±0.03) 

0.04  ±0.10 

— 0.34±0. 13 

40.80 

Tantalum 

1558(1±0.02) 

0.04  ±0.03 

-0.22  ±0.04 

38.48 

2.50 

0.06 

Tungsten 

1305(1  ±0.02) 

0.07  ±0.03 

—0.24  ±0.04 

33.71 

Mercury 

1345(1±0.02) 

0.04±0.03 

— 0.31±0.04 

33.22 

Lead 

2274(1±0.01) 

0.02  ±0.02 

-0.42  ±0.03 

50.17 

2.72 

O.OS 

Bismuth 

2162(1  ±0.02) 

0.05  ±0.03 

—0.45  ±0.04 

53.40 

3.30 

0.06 

Thorium 

3031  (1±0.04) 

0.0G±0.05 

—0.32  ±0.07 

74.87 

Uranium 

4630(1  ±0.02) 

0.05  ±0.03 

— 0. 17±0.04 

114.36 

•OS)  • 3.47X10*  m miSlbinMifutnm.  Enon  are  Mardard  erron  due  to  counting  ttntinica  only. 
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F.R.  Metzger 

Phys.  Rev.  127,  220  (1962) 


As 


75 


53 


METHOD 


Radioactive  source;  total  absorption 


REF.  NO. 


62  Me  2 


NVB 


REACTION 

RESULT 

EXCITATION 

ENERGY 

SOURCE 

DETECTOR 

ANGLE 

TYPE  RANGE 

G,G 

LFT 

1 

D 1 

NAI-D 

0 

(265  keV) 

(265  keV) 

LIFETIME 


Mean  life: 

t = (l.57±0.10)  10-11  sec. 


I :r.  4 ( . 

' ill  ir  -1  : 1 1 * ' I* 

! = t 1 17  ^ in 


i- . • ui.iii- i 


Tame  f K\|»erin;t  ntal  results  of  the  transmission  e\f>eriments 
tarried  out  ‘Mill  tin*  loo*  i»  cm:  arsenic  al»'ori-er.  The  absorption* 
rvjiectcd  r-  r I',  = 1 <*7  x 10  4rV.irc  tabulated  for  Lon'.;-ari*on  pur 
jjo-es  In ‘he  Ia>t  < --iunin.  rhe  -a  idrh- calculated  from  the  observed 


b«orptn*M-  ire 

li-ted. 

— 

Width  r, 
frr.m 

■ » : eriner.Pil 

x el*  “it  v 
10*  cm  M-e 

■ \\ oritv.ent 

( iii-.tl.itc> 
r =4.07  X 10  1 eV 

I’.^.rprinn 
!o  • eV 

1 x<) 

• 0 ‘i  — 2.0 

m>7 

- ‘"-120 

2*  4 

0 7 — 1 4 

0 24 

12  =o4 

< 70 

00—2.0 

0 7 

: +— 12 

\ 74 

0 4-14 

! 7 

1.0=44 

; r,<) 

44-2.1 

; 7 

4x^2  4 

(>  fo 

4 1-1.0 

7 4 

2 l r 0 •> 

7 nO 

14  1 ± \ 0 

12  0 

4 7-il  X 

S iis 

17  4-2.1 

!'«  0 

4 4-ii  7 

X v» 

IS  0 — 2.1 

l«;  r» 

4 x — 1 1 r» 

•1 114 

24  4 

4 O-i*  4 

')  \> 

24  4-2.1 

27  2 

4 4=il4 

1001 

44  o—l.o 

'0  ^ 

4 ' r O 4 

10  40 

12.7-1  '* 

4*4 

4 0-0  j 

10 '<7 

!7  < - 1 •) 

4'  () 

4 4=04 

11  4(> 

'0  2=1  '» 

40  X 

40-u  ; 

11  'M 
12.41 
13.37 

.u  4 
4f»  a 
'2.4 
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J.  Phys.  Soc.  Japan  _l8,  17  (1963) 


Elem.  Sym. 


As 


75 


Ref.  No. 

63  Su  1 


33 


Method 

»\  25  MeV  betatron;  photon  scattering;  Nal  spectrometer;  NBS  chamber 


NVB 


Reaction 


E or  AE 


s 


a d E 


J ” 


Notes 


Asl5(7,y) 


Bremss. 


Detector  at  120 


a = 0.6  mb 
max 


o. 


[Corrects  results  in  J.  Phys.  Soc. 
Japan  16,  1657  ( 1961 ) ] 


I 


j ..0 

z 
o 

H .5 

o 

ui 
V) 

(/>  0 

5 10  |S 

cr  PHOTON  ENERGY  (M«v) 

( d ) 


A* 


| f ( 

l~Ti_ 

1 1 '*•*' 


„..,i  1 


Fi*.  2.  The  elastic  scattering  cross  sections  for  Mg,  Fe.  Zn.  As,  Cd.  Sb  and  Bi.  The  indicated 
spread  in  energy  is  the  width  of  the  sum-up  channels,  and  the  vertical  lines  are  the  statisti- 
cal errors  including  background  counts.  The  arrows  represent  the  positions  of  the  threshold 
energies  of  (r.  p)  or  (y,  n)  reaction  taken  from  Ref.  16.  The  open  squares  at  7 Mev  are  Reibel 
and  Mann's  data*'.  In  Fig.  2(c),  the  cross  section  values,  which  are  analyzed  by  displacing 
the  sum-up  channels  by  five  channels  to  lower  energy  side  than  the  positions  generally  used, 
are  indicated  by  the  closed  triangles. 


9)  K.  Reibel  and  A.  K.  Mann:  Phys.  Rev.  118 

(1960)  701. 

10)  J.  S.  Pruitt  and  S R.  Domen:  NBS  Monograph 
48  (1962). 

11)  E.  G.  Fuller  and  E.  Hayward:  J.  Research 


1857. 

15)  J.  A.  Stratton:  Electromagnetic  Theory 

(McGraw-Hill  Book  Co.,  New  York.  1941). 

16)  Nuclear  Data  Sheeti.  National  Academy  of 
Sciences  (N.  R.  C.). 
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Synchrotron;  C^y,  n)  monitor  [Page  1 of  2] 

REr.  NO. 

64  Co  2 

JOC 

j 

REACTION  RESULT 

1 

EXCITATION 

ENERGY 

SOURCE 

OETE 

CTGR 

TYPE  RANGE 

TYPE 

RANGE 

ANGLE 

C ,XN 

ABY  j THR  - SC 

c SO 

BF3-I 

4 PI 

Table  1 
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Yield  (35) 
eV  co* 
mol  MeV 

60  SZ/A 
(mb  MeV) 
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£ 

0 

SO 

r 

0 

30  SO 

z/z 
0 0 

(MeV) 

(mb) 

o^Cr 

83  xlO"3 

777 

1.21 

2.1 

0.33 

18.5 

97 

25^n 

108  xiO-5 

813 

1.32 

2.33 

0.65 

13.5 

114 

2SFe 

68  xlO’3 

832 

0.83 

1.46 

0.60 

17.5 

75 

27Co 

89  x 10“° 
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1.03 

1.32 

0.59 
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92 

2sXi 

44 x 10-5 

879 

0.55 

1.07 

0.51 

18.5 

56 

29Cu 
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947 

1.06 

1.99 

0.53 

17.5 

98 

30Za 
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975 

0.94 

1.68 

0.56 
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So 

2lGa 

130 x 1C"3 

1034 

1.29 

2.13 

0.59 

17.5 
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32Ce 

139 x 10-3 

1034 

1.35 

2.29 

0.59 

17.5 

158 

33As 

137 x 10"5 

nos 

1.22 

2.13 

0.56 

17.5 

127 

30 


30  i a(Y>xn)dE 
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a-lCTr.) 

*3  tic  fA~l\  . l' 

xi_4-2  c2  V.VZ/*  ■‘j 

6C 

4.0 

3.54 

2.13 

3° 

5.2 

4.05 

1.92 

7 -t  Na 

13.6 

11.60 

2.49 

f r,  V T 

A-i  O 

10.0 

3.31 

1.72 

.1%^ 

l^Al 

15.9 

13.92 

2.20 

i-  tf 

l^Si 

11.6 

9.93 

1.33 

. - p 

19.3 

17.5c 

2.22 

*“ 

0 

-Gs 

9.5 

3.55 

1.07 

0 o , 

io;c 

19.3 

17.90 

1.01 

...  ? i i i “ 

20Ci 

12.1 

11.63 

1.02 

? 4 ""4-.  * 

24-Cr 

So 

51.3 

2 .55 

<1 

•vr  Mr. 

115 

76.1 

2.05 

' 

• t t , 1 , . 

71 

50.5 

2.35 

* 

•O  “ ■«  22  2C.  iO  }» 

pCo 

94 

Gw  . w 

2.94 

T •" . * O 

2re.-r.sstrs.hlun~ v/oiejntad  cross  sections . 

23-s'-: 

43 

34.2 

1.59 

, cor.vc.v.er.:.y  r.Grr/.alized,  ver-^  z. 

•> Cu 

102 

"O  T 

2.05 

2 Gb.- 

93 

55.7 

2.55 

q-iGcl 

140 

02  S 

2.21 

qqCo 

150 

101.5 

2.25 

r 

i ” 7 

99.3 

.o  -c 
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Fig.  1.  A typical  yield  curve  (Aj(v.Tn)). 
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1.68 
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«Ge  
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1.35 

2.29 

0.59 

101 



137 

1.22 

2.18 

0.56 

100 

the  classical  dipole 


b 

9 (E)  d E is  the  integrated  cross  section  measured  in  units  of 
60  NZ/A  mb.  MeV. 


form  NBS-418 

I (RCV.  7-14-64) 

U3C  OMM-OC  26010-P64 


PHOTONUCLEAR  DATA  SHEET  72 


U.S.  DEPARTMENT  OF  COMMERCE 

NATIONAL.  BUREAU  OF  STANDARDS 


-XI*. 


tLEM.  STM.  A 


i 


Yu.  K.  Shubnyi,  D.  K.  Kaipov,  and  R.B.  Begzhanov 
J.  Expel.  Theoret.  Phys.  (USSR)  47,  lo  (1964) 
Soviet  Phys.  JETP  20,  ll  (1965) 

METHOD 


AS 


REF.  NO. 


75 


33 


Resonance  scattering;  high  temperature  source 


64  Sh  5 


JOC 


REACTION 

RESULT 

EXCITATION 

ENERGY 

SOURCE 

DETECTOR 

ANGLE 

TYPE  RANGE 

TYPE  RANGE 

G,G 

LET 

l 

D l 

NAI-D 

122 

T (Ml)  = (1.7  ± 0.3)  X 10 


-ll 


sec  for  0.265  MeV  level. 


form  NBS-418 

(PI  C V.  7.1  4- *4) 
USCOMM.OC  26010-P44 


PHOTONUCLEAR  DATA  SHEET  73 


U.S.  DEPARTMENT  OF  COMMERCE 
NATIONAL  BUREAU  OF  STANT^ROS 


D.S.  Fielder,  J.  Le  Tourneux,  K.  Min,  and  W. 
Phys.  Rev.  Letters  JJi,  33  (1965) 


METHOD 


D.  Whitehead 


EL  EM.  SYM.  A 


As 


75 


REF.  NO. 


33 


65  Fi  l 


JOC 


REACTION 

RESULT 

EXCITATION 

ENERGY 

SOURCE 

DETECTOR 

ANGLE 

TYPE  RANGE 

TYPE  RANGE 

G,XN 

ABX 

10  - 25 

C 10-25 

BF3  - I 

4 PI 

1*^3  " 

! d(xn)  = 744  ± 56  MeV-mb 
J 10 


See:  Phys.  Rev.  Letters  _1£,  530  (1965) 

for  Danos  et  al.  fit. 


FIG.  1.  Solid  line:  photoneutron  production  cross 
section  of  As71;  dashed  line:  total  photoabsorption 
cross  section. 
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Table  I.  Result*  of  the  present  investigation. 
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(meV) 
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This  work  r, 
(meV) 

Other  work 
A 

“Mn 
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1.527 

<}-> 

0.9 

5.2 

25 

8-12 

abs  ») 

40 

8.0 

1.884 

7 

0.82  ") 

41 

25 

50/  gVS 

abs  *) 

10 

55  tg 

2.197 

7 

(0.8)  «) 

17 

25 

2\tgW 

abs 

20 

nig 

2.252 

7 

(0.9)  •) 

17 

25 

\9lglV 
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20 

13  lg 
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7 

? 

3.5 

36 

C 2-6)77/’, 
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•> 
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50 

25 

50/ g W 

abs  ») 

20 
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7 

7 

6.7 
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(}-) 
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io  il  i* i6  ia  ib  ' » n is  26  ‘ jo  32 
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!•  10.  5.  Pliotoncutron  cross  sections  for  As™,  (a)  Total  photo- 
neutron  cross  section  o[(7.  *)+(7,  pa)- Wy,  2n)].  The  solid 
line  is  a single  component  I.orcntx  curve  fit  to  the  gianl-rcv.nancc 
«uitA  (116  lii  2IJ  McV).  0»)  ToU|  plioloncuiron  c rtna  section, 
retnatlctl.  Ilic  solid  line  is  a two-ci>ni|NmeiU  lairent/  curvc  lit 
to  the  giant-rcsonance  dau.  (c)  Single  photoneutron  cross  section 
•1(7.  ")+(y.  pa) J.  The  dashed  line  represents  the  maximum 
systematic  error  owing  to  the  uncertainty  in  the  normalization 
of  the  positron  bremsstrahlung  subtraction,  (d)  Double  photo- 
Qeutron  cross  section  a(y,  2m). 
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Fig.  4.  Differential  total  scattering  cross  section  at  150°  for  natural  Ti.  The  full  curve  through  ex- 
perimental points  is  only  a guide  for  the  eyes.  The  vertical  bars  represent  the  relative  strength  of 
dipole  levels  calculated  by  the  D.C.M.  with  parameters  of  table  1.  Theoretical  clastic  plus  inelastic 
scattering  is  computed  from  these  levels  with  a common  width  r (dashed  curve).  Experimental  inelastic 
scattering  (histogram)  and  theoretical  inelastic  scattering  to  the  first  2*  (full  curve)  are  shown  in  the 
lower  pan  of  the  figure.  Open  circles  give  the  cross  section  after  background  subtraction. 
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Table  4 

Integrated  inelastic  scattering  cross  section 
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*)  Wo  assume  an  angular  distribution  of  the  form  1 -r-Ij.  cos4  0. 
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TABLE  SI.  Summary  of  the  results  of  spun,  parities,  and  total  widths  of  resonance  levels  excited  by  y rays  obtained 
from  neutron  capture  In  iron.  Parities  in  parantheses  are  uncertain. 
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TABLE  IV.  Effective  elastic  scattering  cross  section 
<ar)»aS,(IVTr)  + U„/»).  where  4,  J,  T,.  I*r  were 
taken  from  Table  EL  The  temperature  of  the  scatterer 
was  300*K,  while  that  of  the  iron  y source  was  64 0 *K. 
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Fig,  5.  Yields  of  spallation  products  using  vanadium  targets. 
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Fig.  7.  Partial  photoneutron  cross  sections  [ffiy,  a)+a(y,  pn)]  and  a(y,  2n)  for  7,As.  Arrows  3m 
and  indicate  theoretical  threshold  values  for  (y,  n)  and  (y,  2a)  reactions  respectively. 
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nAL  44Ti.  3,Nl  ”Co.  *tMNi.  aoCu.  “^“Zn.  73  As.  ‘"Rh,  "*-"»!n,  "*"*-'jaSn 
and  l,uuSb:  E = 0.5-1.65  MeV.  measured  gf0  or  ftfe/D 0):  deduced  Txn. 


(OVER) 


ro»M  N8S-4II 
i«*  tv.  ?. i 4.  «4> 
U1COUU.OC  1«OIO-P«« 


U.S.  OEPARTMENT  CC  .IM-1PC 
NATIONAL  BL'REAL.0-  Sr. 
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Tableau  3.  Resultats  des  mesures  des  niveaux  etudies  par  diffusion. 


Table  3.  Results  obtained  using  the  ditTusion  method. 


Isotope 

Energie(keV) 

J- 

Jo 

r0/r 

6 

u = g(VllT)W(0)  r(ps) 
(meV)  ce  travail 

r,cf  (ps) 

References  t 

MMg 

1368.59(4) 

2 • 

0' 

i 

E2 

1,08(13) 

1.76(21) 

1.98(4) 

Eudt  et  van  der  Lcun 
(1978) 

11  Al 

1014.45(3) 

j* 

3* 

0.971 

* 0.35 1(12) 

0,186(13) 

2.20(16) 

2,12(8) 

Endt  et  van  der  Leun 
(1978) 

**Ti 

983.512(3) 

2 * 

0* 

1 

E2 

0.282(23) 

6.74(55) 

6.1(13) 

Been (1978) 

5,Ni 

1454.45(15) 

2* 

0* 

1 

E2 

2.11(26) 

0,90(11) 

0.92(3) 

Kocher  et  Auble 
(1976) 

3,Co 

1099,224(25) 

J' 

3- 

1 

(E2) 

0.069(8) 

4,79(55) 

3,17(58) 

Kim  (1976) 

3*Co 

1458.8(3) 

r 

0.91 

(E2) 

0,68(8) 

1,17(14) 

1.52(16) 

Kim(1976) 

3*Co 

1480.9(3) 

\- 

2 

0.8 

<0.35* 

1,23(15) 

0,254(31) 

0.31(3) 

Kim (1976) 

41  Ni 

1185.7(6) 

\- 

3" 

0.77(8)' 

10.I4| 

1.88(49) 

0,21(5) 

0,16(3) 

Andreev  et  al  (1974) 

uNi 

1172,91(9) 

2* 

1 

0* 

1 

E2 

0,88(17) 

2,15(42) 

2,09(3) 

Halbert  (1979a) 

wCu 

1327.00(7) 

3’ 

0.84 

(E2) 

1,04(14) 

0.84(11) 

0,88(4) 

Auble  (1979b) 

*3Cu 

1412,05(4) 

5 

J- 

0.72 

+ 0.6iiU{ 

0.260(38) 

1.90(28) 

1,61(3) 

Auble  (1979b) 

**Zn 

991.54(7) 

2 * 

i 

0* 

1 

E2 

0,640(54) 

2,97(25) 

2,60(I3J 

Halbert  (1979b) 

43Cu 

1481.83(5) 

: 

3“ 

0,85 

(E2) 

1.13(19) 

0,79(13) 

0.49(5) 

Auble  (1975a) 

**Zn 

1039,37(6) 

2* 

t 

3* 

1 

E2 

0.70(6) 

2.71(23) 

2.25(15) 

Auble  (1975b) 

“Zn 

1077,38(5) 

2* 

i 

3* 

1 

E2 

0,70(6) 

2,71(23) 

2,34(23) 

Lewis  (1975) 

73  As 

572.5(10) 

i 

I' 

ld 

0.3  9 b 

0,236(26) 

4,14(46) 

3,5(9) 

Horen  et  Lewis  (1975) 

uAs 

823.0(10) 

V 

I* 

0,86" 

(E2) 

0.214(22) 

4.27(43) 

3.5(3) 

Robinson  era/ (1967) 

73  As 

865,5(10) 

5* 

i 

- 

0.83d 

C 

0.78(6) 

0,863(68) 

0,60(12) 

Celliers  et  al  (1977) 

73  As 

1076,0(10) 

i 

r 

0,94d 

0,38d 

1.97(13) 

0.287(19) 

0,32(7) 

Celliers  «/ a/ (1977) 

73  As 

1128.5(10) 

r 

1- 

l 

Eld 

0.224(24) 

1,47(16) 

— 

”As 

1349.0(10) 

l- 

3 

i- 

0.67d 

0.20d 

1.61(29) 

0,180(32) 

0.12(3) 

Wilson  (1970) 

73As 

1370.0(10) 

3- 

1 

i- 

0.4  7d 

0.47d 

0.64(13) 

0,218(44) 

— 

l0JRh 

803.1(2) 

i- 

I 

0.70 

MI 

1.85(16) 

0.174(15) 

— 

Hurmatz  ( 1979) 

l0,Rh 

1277.0(2) 

3- 

j 

0.75 

-0.62(30)' 

0.81(9) 

0.8  7(  10) 

1,3(9) 

Harmaiz  ( 1979) 

,13ln 

1177(1) 

r 

3 

i « 

1 

+ 0.5(2) 

9.1(8) 

0.086(8) 

0.1 06) 

Tuttle  et  ul  ( 1976) 

ll3ln 

1510(1) 

7 • 
2 

?* 

0.935 

-o.5j:]{ 

6.4(9) 

0,071(10) 

o.n't’1! 

Tuttle  et  ul  ( 1976) 

ll3ln 

1077.7(10) 

3* 

?* 

0.8 1 3 

(E2) 

0.159(24) 

1.61(24) 

1.23(7) 

Tuttle  et  al  ( 1976) 

"3ln 

1290.59(3) 

o- 

j 

i » 

0.98* 

<K2) 

1.31(11) 

0.66(6) 

0.55(41 

Tuttle  et  ul  ( 1976) 

ll3In 

1448.78(3) 

V 

?* 

0.86 

— 8f 

0.90(11) 

0.50(6) 

0.52(20) 

Tuttle  et  all  1976) 

“3ln 

1486.1(1) 

i* 

!* 

0.787 

— 0.8f 

0.63(9) 

0.63(9) 

0.4(3) 

Tuttle  et  al  ( 1976) 

“3ln 

1497.2(4) 

<5* ) 

V 

< 1 

(E2) 

1.33(16) 

< 0,30(4) 

— 

,,3ln 

1607.8(15) 

(3‘) 

V 

^ ! 

(E2) 

1.54(24) 

si  0.26(4) 

— 

"*Sn 

1293.54(2) 

1 - 

O' 

1 

E2 

3.58(37) 

0.53(6) 

0.52204). 

Carlson  et  al  ( 1975) 

M,Sn 

1229.64(4) 

2* 

0* 

I 

E2 

2.75(28) 

0.69(7) 

0.67(2) 

Carlson  el  <//(  1976) 

IJ0Sn 

1171.6(2) 

2* 

0* 

1 

E2 

1.83(16) 

1.04(9) 

0.91(2) 

Kocher  ( 1976) 

,2lSb 

1023.5(10) 

i' 

t 

i * 

1 

10.5  71' 1 

3,69(34) 

0.228(21) 

0.21X7)1’ 

Tamura  et  al  ( 1979) 

,2,Sb 

1 105.5(10) 

: 

f « 

j 

0.4 

— 

0.47(4) 

0.42(4) 

— 

1JISb 

1 142.5(10) 

!' 

3* 

0.6 

(E2) 

0.85(8) 

0.449(40) 

0.4  !(8)h 

Booth  et  al  ( 1973) 

lllSb 

1384.0(10) 

3‘ 

i- 

1 

|0.45 1* 

4.7(5) 

0.09 2(  10) 

0.08804)“ 

Booth  et  al  ( 1973) 

IIJSb 

1029.5(10) 

5* 

r * 

1 

|0.57|* 

2.96(27) 

0.272(25) 

0.26(4)“ 

Booth  et  all  1973) 

IJ5Sb 

1086.5(10) 

3' 

7 * 
9 

1 

|t5|  > 1.26* 

1.06(9) 

0.67(6) 

0.72(15)“ 

Booth  et  al ( 1973) 

t References  pour  les  colonnes  3.  4.  5.  6 et  9 de  chaque  ligne,  sauf  indication  appclee  au  bas  de  ce  tableau.  Pour  les  autres  donnies  se  reporter  au 
texte. 

Remarque.  Pour  calculer  61  quand  nous  ne  disposons  que  de  fl( E2),  pour  un  melange  (E2)  + (MI),  nous  deduisons  gro(E2)or  fl(E2)£3 ; en 
admettant  IV(9)=\  et  connaissant  To/T,  notre  determination  de  u donne  une  premiere  approximation  de  gTo  d’oti  unc  valeur  Je 
6 1 =<xr0(E2))/Cgr0  -gTo(E2))  qui  permet  d’ameliorer  W{Q)  et  gTode  proche  en  proche. 

' Swann  (1971);“  Robinson  et  al  t 1967); ' lt'((/)  = 0.99  calcule  d’apres  la  formule  de  Celliers  et  al  ( 1977);  d Abbondanno  et  a I ( 1978); ' Saver  et  ai 
( 1972);  ' Tuttle  et  al  (1976);  1 d’apres  fl(E2)  de  Barnes  et  al  ( 1966);  “ calcule  d’apres  Booth  et  al  ( 1973): 1 Williams  et  al  ( 1975); 1 Dietrich  e:  al 
(1970). 
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SELEIIIH 

Z=34 


Selenium  was  identified  as  an  element  in  1817  by 
J.  J.  Berzelius  a professer  of  chemistry  in 
Stockholm,  Sweden.  While  looking  for  a method  of 
producing  sulfuric  acid,  he  observed  a sediment 
with  an  offensive  odor  — an  indicator  of  the  scarce 
element  tellurium  discovered  thirty-five  years 
earlier.  Further  analysis  showed  it  to  be  a new 
element  with  chemical  properties  similar  to 
tellurium.  3ecause  these  elements  were  so  closely 
related,  8erzelius  named  the  new  substance  selenium, 
from  the  Greek  word  selene , meaning  the  moon 
since  tellurium  was  named  from  the  Latin  word  tellus , 
meaning  the  earth. 
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REF. 


T.  Karainishi,  C.  Kojiraa 

Jap.  J.  Appl.  Phys.  2,  399  (1963) 


METHOD 


Se 


REF.  NO. 


k 


Linac;  isomer  yield;  activity 


63  Ka  2 


NVB 


REACTION 

RESULT 

EXCITATION 

ENERGY 

SOURCE 

DETECTOR 

ANGLE 

TYPE  PANCC 

TYPE  RANGE 

G,G/ 

RLY 

1 

C5 

ACT- 1 

1+PI 

(0.16) 

Table  II.  The  isomers  observed 


Isomer 

Observed  value 

Referenced  value1111*’ 

Half-life 

Energy  (MeV) 

Half-life 

Energy  (MeV) 

Se-77m 

17.5 

sec 

0.160 

17.5 

sec 

0.161 

Br-79m 

4.80 

sec 

0.209 

4.8 

sec 

0.208 

Sr-37m 

2.3 

hr 

0.390 

2.8 

hr 

0.333 

Y-89ra 

15.0 

sec 

0.920 

14 

sec 

0.915 

Rh-103m 

53 

min 

• 

57 

min 

0.040 

Ag-107m 

1 

1 

44 

sec 

0.094 

Ag-I09m 

} 42 

sec 

f 085 

40 

sec 

0.088 

Cd-lllm 

47 

min 

0. 150.0.255 

49 

min 

0.150,0.247 

Io-llom 

4.5 

hr 

0.335 

4.5 

hr 

0.335 

Sn-U7m 

17 

day 

0.160 

14 

day 

0.159.0.161 

Ba-137m 

2.6 

rain 

0.660 

2.6 

min 

0.662 

Er-167m 

2.10 

sec 

0.209 

2.5 

sec 

0.208 

Hf-179m 

18.5 

sec 

0.157.0.215 

19 

sec 

0.161.0.217 

W-183m 

5.4 

sec 

0.200.0.170.0.115 

5.5 

sec 

0.1025.0.2915  other 

Ir-19lm 

4.90 

sac 

0.129.  <0.07 

4.9 

sec 

0.042-0.129 

Pt-195m 

4.5 

day 

0.065** 

4.1 

day 

0.031-0.130 

Au-I97m 

7.0 

sec 

0.10.0.27.0.40 

7.2 

sec 

0.130.0.270.0.407 

Hg-  199m 

43 

min 

0.  ‘.60.0.370 

42 

min 

0.158.0.368 

• This  isomer  was  measured  with  a G-M  :!ow  cou;..e.*. 
•*  This  value  corresponds  to  Pt-K  X-ray  y. 


Table  III.  Induced  activation  rate 


Element 

Beam 

energy 

(MeV) 

Counting  rare 
(xlOOCOcpm, 

Sample  for:.. 

Se 

5 

1300 

metallic  pci'..: 

Br 

4 

1600 

NaBr  grain 

Sr 

6 

0.3 

SrCGj  pc.v 

Y 

5 

90 

metallic 

Rh 

5 

i0.2.* 

RhCli  gram 

Ag 

5 

ISO 

metallic  pl_tv 

Cd 

6 

O 

bi 

CdC’.:  grair. 

rn 

6 

8 

metallic  p!au 

Sq 

6 

0.0005 

metallic  pli.u 

Ba 

5 

0.6 

BaS  powder 

Er 

* 

49U0 

Er;Oj  powdc- 

Hf 

5 

1600 

metallic  piaiL 

W 

3 

120 

metallic  pov.c.i  - 

Ir 

5 

2100 

metallic  powder 

Pt 

5 

0.3 

metallic  plate 

Au 

4 

4300 

metallic  plate 

H* 

6 

0.09 

metallic  liquid  “ 

<■  • The  value  measured  with  a G-M  flow  counter  PHOTONUCLEAR  DATA  SHEET  93 
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A.  Veres 

Acta  Phys.  Acad.  Sci.Hung.  .16,  261-73  (1963) 


Se 


34 


METHOD 


Radioactive  source 


REF.  NO. 

63  Ve  2 


NVB 


REACTION 

RESULT 

EXCITATION 

ENERGY 

SOURCE 

DETECTOR 

ANGLE 

TYPE  RANGE 

TYPE  RANGE 

G,G/ 

ABX 

0-1 

D 0-1 

NAI-D 

ISOMERS 


TaSiiuua  II 

HaMepcHHue  3«aMeHHH  nocjie  oojiyNeHim.  cpaBHiiaae.Muc  c apyriiMn  JiirrepaTypHUMti 

ASHHUMH 


Akthbmoctw 

odJiyNtHHa 

notoe 

Aktmbh. 

dKcrpn. 

» 

kohuo 

JlyTepaTypHMt 

oaMHwc 

AaHHue 

H3AtepCHHA 

r 

3il€MCHT 

nepsoro 

K3MepCHMR 

(HMn/MHH.) 

oojiyn. 
(h»  n/ 

AAHH.) 

T„ . 

£ 

(*oo) 

Tj. 

£ 

(K3») 

* ym 

Sc-77m 

3842  ±96 

5400 

17,5  cex. 

160 

18,1  ±1  cex. 

160±  10 

9,5 

1,75 

Sr-87m 

191  ±5 

200 

2,8  h. 

390 

2,9  ±0.1  M. 

365±25 

0,85 

0,2 

y-89m 

96  ±20 

170 

16ceK. 

910 

16,7±5  cex. 

0,08 

0,02 

Rh-103m 

28±5 

31 

57  MHH. 

40 

58±2mhh. 

20,5±03 

0,08 

0,01 

Ag-107m 

220  ±14 

250 

44  cex. 

93 

43,8  ±0,6  cex 

91  ±10 

0,8 

0,2 

Ag-109m 

39  ceK. 

88 

HM79m 

80±18 

155 

19  cex. 

160; 

215 

19  ±2  cex. 

1 

0,2 

Ir-191m 

90  ±20 

250 

4,9  cex. 

42; 

130 

5 ±2  cex. 

5,6 

1 

Pt-l95m 

90±9 

100 

3,5  Hm 

31; 

100; 

130; 

3»5i0,2  A* 

32±3 
67,5  ±5 
96±5 
130±10 

0.7 

0,04 

Au-197m 

240±16 

520 

7,2  cex. 

130; 

277; 

407 

7,2±  1 cex. 

68:130: 
280  ±20 
390  ±20 

0,07 

0,01 

Hg-199m 

9.6  ±3,2 

42  MHH. 

160; 

370 

0,005 

0,001 

Aa»  Phfu  Hung.  Tm.  XVI.  3. 
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*eF’  G.  Ben-David,  B.  Arad.  J.  Balderraan,  and  Y. 
Phys.  Rev.  L46,  B852  (1966) 


MITMOO 


Schlesinger 


CL  EM.  SYM. 


Se 


34 


REF.  NO. 


Nuclear  Resonance  Scattering  using  N,G  reactions. 


66  Be  3 


JDM 


RESULT 

EXCITATION 

SOURCE 

oetector 

REACTION 

ENEROY 

TYft  RAN6I 

ANGLE 

G,G 

RLX 

5 - 10 

D 5-10 

NAI-D  5 - 10 

135 

Fio.  J.  HUtogrun  of  distribution  of  ob*erv«d  resonances  among  the  different  target*.  The  atomic  number  is  given  directly  beneath 
the  chemical  symbol  followed  by  the  neutron  number*  of  the  naturally  occurring  isotope*.  Magic  numbers  are  shown  in  brackets.^ 


Table  III.  List  of  elective  croc*  sections. 


r n mu  MRV4II 


Scattenr 

Energy 

(MeV) 

Gamma 

•ourca 

4 

(mb) 

Scatterer 

Energy 

(MeV) 

Gamma 

•ource 

1 

(mb) 

Sm*« 

8.997 

Nl 

100 

Sn 

7.01 

Cu 

110 

Pr“* 

8.881 

Cr 

9 

Nd 

6.867 

Co 

30 

La 

8.532 

Nl 

« 

prui 

6.867 

Co 

3 

Te 

8.532 

Nl 

Te 

6.7 

Ni 

Co 

8.499 

Cr 

24 

La 

6.54 

12 

Zr 

8.496 

Se 

3050 

Cd 

6.174 

Co 

110 

Zn 

8.119 

Nl 

13 

Mo 

6.14 

Hg 

25a 

Se 

7.817 

Nl 

50 

La 

6.415 

Ti 

72 

se 

7.76 

1C 

90 

Mo 

6.413 

Ti  * 

10 

Sb 

7.67 

V 

s..k 

Tl 

6.413 

Ti 

25 

Cd 

7.64 

Fe 

40* 

w 

~6.3 

Ti 

. . .b 

Ni 

7.64 

Fe 

7* 

Sb 

6.31 

Hg 

Pr‘*s 

7.64 

Fe 

■ I2» 

Ti 

6JI 

Hg 

2* 

T1 

7.64 

Fe 

370* 

Sn 

6.27 

75 

La 

7.634 

Cu 

7 

Pb-* 

6.15 

Gd 

Mo 

7.634 

Cu 

tl 

Te 

5.8 

Ni 

. . .f 

Ri“ 

7.634 

Cu 

4 

La 

6.12 

Cl 

35 

Te 

7.528 

Nl 

664 

priu 

6.12 

Cl 

no 

Bi*» 

7.416 

Se 

100 

Pt 

5.99 

Hg 

40*a 

Bi*» 

7.300 

As 

80* 

Tl 

5.99 

Hg 

5a 

Pb»» 

7.283 

Fe 

4100 

Pb»* 

5.9 

Sr 

. . .a 

Cl 

7.285 

Fe 

34 

Ce 

5.646 

Co 

17 

Pr“* 

7.185 

Se 

*0 

Bi« 

5.646 

55 

T1 

7.16 

Cu 

120 

Pb«* 

5.53 

Ag 

70 

La 

7.15 

Mn 

50 

Hg 

5.44 

Hg 

75a 

Bi"* 

7.149 

Ti 

2000 

Hg 

4.903 

Co 

385 

• High-energy  component  of  a complex  spectrum. 

• A broad  scattered  spectrum  with  no  observable  peak  structure. 
•There  are  actually  two  lines  of  energies  7.047  and  7.633  MeV  having 

equal  intensities  in  the  iron  capture  gamma  spectrum.  The  crosa  section 
has  therefore  been  corrected,  although  there  la  no  possibility  at  present  of 
deciding  which  line  is  responsible  for  each  resonance. 

• is  probably  an  independent  level ^ln  the  complex  spectrum  of  Nl  r 
rays  on  Te. 

• Rough  estimate. 

' May  be  inelastic  component  from  7.528  level  In  Te. 
s The  relative  line  intensities  la  this  case  are  due  to  Grnehev  and 
co -workers. 

• No  line  is  known  foe  the  source  at  this  energy. 

1 Difficult  to  resolve  among  the  many  source  lines  present  at  this  energy. 


!»•».  t.  • 4.  .41 

• • - e..(  |»r  010.0.4 
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REF. 


R.  Wendling  and  R.  Kosiek 
Z.  fur  Physik_122,  502  (1966) 


ELEM.  SYM. 


Se 


34 


METHOO 


REF.  NO. 

66  We  2 


EGF 


REACTION 

RESULT 

EXCITATION 

ENERGY 

SOURCE 

OETECTOR 

ANGLE 

TYPE  RANGE 

TYPE  RANGE 

G « A 

ABX 

6-33 

C 33 

SCD-D  4-16 

9Q 

(32.5) 

Tabelle 


Element 

Dicke 

(mg;  an  2) 

Geumt- 

auflosung 

(fceV) 

Cesamuahl 

gemcucncr 

a-Teilchcn 

Auibcute 
Oib/MeV  ■ tier) 

Ausbcut* 
10*yVqi 
Mol  * r 

mts(wp) 

(MeV) 

ml  a 

(MeV) 

AI 

2,35 

770 

14600 

1,3  + 0,2 

3,5  +0,6 

(as  3,5) 

3,5 

Ar 

200Torr  480 

5200 

3,0  +0,5 

8.3  +1.3 

5.2 

3,5 

Se 

3,72 

790 

12200 
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. f'P* J*-.  Pe  anisotropy  coefficients  «,,  in  the  formula  W(8)  - a.U  + a,P,  + a,p,) 
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TABLE  I 
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at 

at 

Nickel 

77  (1 ,0±0.05) 

0. 14±0  04 

• -0.34=fc0.0fl 

Zinc 

236  (1 .0±0.04) 

0.06±0.03 

— 0.30±0.04 

Selenium 

525(1.0±0.05) 

0. 10±0.04 

— 0.25±0.05 

Zirconium 

380(1.0±0.05) 

0.03=4:0.04 

— 0.27±0.05 

Niobium 

392(1.0±0.03) 

0.01=fc0.02 

— 0.30±0.03 

Molybdenum 

410(1. 0±0. 03) 

0.05=4=0.03 
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Cadmium 

755(1.0±0.02) 

- 0.05=4=0.01 
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Tin 

9.to(1.0±0.02) 

0.08=fc0.02 

-0.30=4:0.02 

Lead 

2274(1.0=4:0.02) 

0.06=4=0.02 

— 0.48±0.02 

•For  comparison  purposes  the  experimental  value  of  as  for  Pb  has  been  normalized  to  coincide  with 
that  obtained  by  Balter  and  McNeill  (1001)  and  Is  the  yield  per  per  100  roentgen.  All  otho 
values  of  as  have  also  been  quoted  with  the  same  normalisation. 


form  NBS-418 

(Rev.  7.1  4. S4) 
UJCOMM.OC  2601  0-P04 


PHOTONUCLEAR  DATA  SHEET  98 


U.S.  DEPARTMENT  OF  COMMERCE 
NATIONAL  BUREAU  OF  STANDARDS 


REF-  H.  Arenhovel,  J.  M.  Maison 

Nucl.  Phys.  AU7.  305  (1970) 

ELEM.  SYM. 

Se 

A 

z 

34 

ME TMOO 

RE*.  NO. 

70  Ar  1 

egf 

REACTION 

RESULT 

excitation 

ENERGY 

SOURCE 

oetector 

ANGLE 

TYPE  RANGE 

TYPE  RANGE 

G,G 

AfiX 

12-30 

C 32 

NAI  12-30 

DST 

GETS  G.G/  TO  2+ 


Fig.  I.  Differential  total  Mattering  crou  section  at  150*  foe  natural  Se.  Sea  caption  for  fig.  4. 


Fig.  4.  Differential  total  scattering  cross  section  at  150*  for  natural  Ti.  The  full  curve  through  ex- 
perimental points  is  only  a guide  tor  the  eyes.  The  vortical  ban  represent  the  rclative'strength  of 
dipole  levels  calculated  by  the  D.C.M.  with  parameters  of  table  1.  Theoretical  clastic  plus  inelastic 
scattering  is  computed  from  these  levels  with  a common  width  P (dashed  curve).  Experimental  inelastic 
scattering  (histogram)  and  theoretical  inelastic  scattering  to  the  first  2*  (full  curve)  arc  shown  in  the 
lower  part  of  the  figure.  Open  circles  give  the  crou  section  after  background  subtraction. 
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Experimental  *) 

Theoretical  ■*) 

integration 

/ cXE)dE  (MeV  • ,ub) 

2‘* 

2~' 

Total 

(in  MeV) 

(MeV  • ,ub) 

Ti(**Ti) 

io  -24 

250=  50 

425 

109 

-■4 

V(»2Cr) 

16.4-24.9 

492=  50 

5C9 

1 15 

5 "9 

Cr 

16.4-23.4 

431=  60 

509 

1 16 

579 

Asr*Sc) 

14.1-23.6 

1254  = 120 

1373 

414 

1737 

Se(,0So) 

14.1-24.6 

1035  = 100 

1066 

353 

1419 

Y 

364 

Cd(iIJCd) 

13.6-23.3 

3264=240 

1S94 

370 

3264 

In(“‘Cd) 

13.6-23.6 

2340=220 

2173 

3a5 

2:61 

Sn(l,0Sn) 

L4.2— 24.2 

2363  ±220 

643 

*)  We  assume  an  angular  distribution  of  the  form  1 — -pj  cos2  0. 
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Fir  t.  - Experimental  photoncutron  cross-sections  integrated  over  plioton  merry  between  36  and 
64  MoV  and  divided  by  NZIA  are  plotted  a a a (unction  o(  tho  mans  number,  lilacic  dota  are  total  crow 
aectiona  not  corrected  (or  neutron  multiplicity;  open  eirclea  represent  fast  neutron  cross-sections  (see 
text).  Tbs  das  bed  lines  are  drawn  only  to  ruide  the  eye. 

Fir.  3.  - The  ratio  between  « fast  > and  total  photoneutron  integrated  cross -sections  as  a function  of 
the  mass  number  A.  The  solid  line  represents  a fit  o(  the  ratios  calculated  (nr  somo  nuclei  by  taking 
into  account  the  theoretical  neutron  energy  spectra  given  by  Gabriel  and  Auimiller  (*)  and  the  effi- 
ciencies o(  our  detector  (see  Fig.  1). 
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Fig.  12.  Experimental  values  of  the  level  density  parameter  n,  (Fermi  gas  formula  plus  pairing  cor* 
rection)  versus  atomic  number  A.  The  continuous  curve  is  a least-squares  fit  to  the  data  of  a 
theoretical  calculation  from  Newton  '*). 


MEAN  NEUT  ENERGY 


1 

H.  Baba  and  S.  Baba,  Japan  Atomic 
Energy  Research  Institute  report 
JAERI-1183  (1969). 

2 

H.  Baba,  Nucl.  Phys.  A159,  625 
(1970). 

15 

T.D.  Newton,  Can.  J.  Phys.  34 , 

804  (1956). 


Fig.  15.  Ratio  a^Ja,  versus  atomic  number  A.  Here  is  the  level  density  parameter  taken  from 
the  neutron  resonance  work  of  refs.  I,J),  and  a,  is  the  level  density  parameter  derived  from  the 
present  (y,  n)  work.  Filled  circles  represent  points  where  nuclei  in  the  neutron  resonance  and  in  the 
(y,  n ) experiment  were  the  same.  Open  circles  represent  points  where  the  respective  nuclei  were 
approximately  matched.  Triangles  represent  points  which  are  based  on  measurement  of  neutron 
mean  energies  at  two  bremsstrahlung  energies  only. 
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absorption  experiments 


Target 

N 

(residual 
nucleus) *  *) 

Goodness 
of  fit4) 
no  with 
p.c.  p.c. 

£.(24)  T 

(MeV)®)  (MeV)®) 

(MeV1)®) 

(MeV-*)') 

Ti  *) 

23 

8% 

1.93 

8.1-47Ti 

6.41-47Ti 

0.79 

24 

8 % 

25 

73% 

26 

5% 

27 

5% 

V) 

27 

100% 

1.96 

8.7-,0V 

6.35-*  *V 

0.73 

Cl 

25 

4% 

P 

G 

1.89 

8.6-*  *Cr 

6.9  -*‘Cr 

0.80 

27 

84% 

28 

10% 

29 

2% 

Mn 

29 

100% 

V.P. 

G 

2.1 

8.2-*4Mn 

7.82-5‘Mn 

034 

Fe 

27 

6% 

F 

G 

1.96 

8.0-**  Fe 

7.06-**Fe 

0.88 

29 

92% 

30 

2% 

Co 

31 

100% 

P 

F 

2.12 

7.7-*  *Co 

8.35-*°Co 

1.08 

Ni 

29 

68% 

V.P. 

P 

2.04  1.4 

6.5-*7-7Ni 

7.19-*»Ni 

1.10 

(Z  = 28) 

31 

26% 

32 

17. 

33 

4% 

% 

35 

1% 

* 

Cu 

33 

69% 

V.P. 

P 

1.78  1.0 

9.8-*2Cu 

8.90-*4Cu 

0.91 

35 

31% 

Zn 

33 

49% 

F 

F 

1.61 

10.5-‘4,4Zn 

10.0-**Zn 

0.95 

35 

28% 

36 

4% 

37 

19% 

As 

41 

100% 

V.P. 

F 

1.44 

14.5-74As 

12.81-7‘As 

0.88 

Se  *) 

41 

9% 

1.39 

l3.3-7,Se 

12.8  -7,Se 

0.97 

42 

8% 

43 

24% 

45 

50% 

47 

9% 

. 

Br 

43 

45% 

V.P. 

V.P. 

1.41 

14.5-7,Br 

12.69-*°Br 

0.88 

45 

49% 

Sr 

47 

10% 

F 

G 

1.31 

13.6-,7Sr 

11.4  -*7Sr 

034 

48 

7% 

49 

83% 

*)  Neutron  numbers  and  abundances  of  respective  residual  nuclei  in  (y,  n)  experiments. 

*)  These  give  an  assessment  of  the  goodness  of  fit  of  a calculated  £n  versus  £0  curve  to  the 
observed  data,  using  the  Fermi  gas  level  density  formula  both  without  and  with  pairing  corrections. 

*)  Bremsstrahlung  photoneutron  mean  energies  £„  for  peak  bremsstrahlung  energy  E0  = 24  MeV. 

®)  Nuclear  temperature  from  fit  with  constant-temperature  formula. 

*)  Level  density  parameter  a9  derived  from  the  present  (y,  n)  experiment,  using  a Fermi  gas 
formula  plus  pairing  correction,  and  corresponding  residual  nucleus  (the  atomic  weight  shown  is 
the  weighted  average  of  atomic  weights  of  the  respective  isotopes  present). 

r)  As  column  7,  but  using  data  on  n-resonance  absorption  from  refs.  '’2). 

•)  Measurements  of  £a(E0)  for  these  nuclei  were  made  only  for  E0  = 21,  23  and  24  MeV. 
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The  method  ts  developed  for  calculation  of  the  isomenc  ratio  for  the  case  of  low  natation  energy  of  the 
residual  nucleus,  and  the  isomeric  ratio  is  measured  in  the  (a.  2e  I and  ly,  /i|  reactions  in  the  neutron-deficient 
nuclei  "Mo.  '°Zt.  **Sr.  and  “Se.  The  good  agreement  between  the  experimental  and  theoretical  results  on  the 
|y.  a)  reaction  has  confirmed  the  reliability  of  the  characteristics  of  the  residual  nuclei,  the  transmission 
coefficients  of  the  emitted  neutrons,  etc.,  used  in  the  calculations.  From  study  of  the  |n . In  I reaction  we  have 
obtained  values  of  the  parameters  of  the  spin  dependence  of  the  level  density  of  the  nucleus  in  the  excitatioo- 
energy  region  — 14  MeV. 


ISOMERIC  RATIO 


PAC5  numbers;  23.20.  + y.  IS. 40.Gr,  27.30  + e.  27  60.  j 


TABLE  HI.  Isomeric  ratio  In  the  fy.e)  reaction. 
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"in  parentheses  we  have  given  the  values  of  the  hrcmsstrah- 
lung  maximum  energy. 

1>ln  the  calculations  we  used  the  ^Se  level  scheme  of  Ref.  2, 
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0.90 
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0.25 
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18 
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IK 
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’•Co 
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Cros3  sections  of  photoneutron  reactions. 
The  dipole  photoabsorption  forces  are  taken 
frcm  [6,7]  (the  solid  black  columns). 

^M.G. Huber  et  al.,  Phys. Rev. 155,1073(67) 
'M.G. Huber  et  al.,  Phys. Rev. 192, 223(66. 
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Fig. 8.  Partial  photoneutron  cross  section  [a(y,  n)+o(y,  pn)l  and  aiy,  2n)  for  T*Se.  Arrows  Bm  and 
Bim  indicate  theoretical  threshold  values  for  (y,  n)  and  (y,  2a)  reactions  respectively.  Data  were  not 

corrected  for  impurities. 
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(REV.  7-14-6. 
USC  OMM-N  0! 


Tabu  3 


Integrated  photoneutron  cross  sections  and  comparison  with  sum  rules 


Nucleus 

**Z n | 

[••Ga 

lT,Ga 

,0Ge 

7JGe 

7*Ge 

7‘Ge 

7 5 As 

7*Se 

7,Se 

,#Se 

•*Se 

£*  (MeV) 

29 

26.5 

26.5 

26.5 

26.5 

26.5 

26.5 

26.5 

26.5 

26.5 

26.5 

tfo.  (MeV  • b) 

0.75 

0.91 

0.78 

0.94 

1.02 

1.12 

1.09 

1.01 

’ 1.06 

1.11 

1.13 

<*o.A 
0.06  NZ 

0.78 

0.87 

0.75 

0.88 

0.94 

1 

0.98 

0.90 

0.92 

0.94 

0.95 

Bm-Bp  (MeV) 

4.2 

|3.7 

11.4 

3 

1 

-0.8 

-2.6 

3.3 

1.7 

0.1 

-1.5 

-3 

«t_„  (mb) 

38 

52 

44 

54 

59 

64 

63 

58 

62 

65 

67 

(mb) 

0.15 

0.18 

0.15 

0.18 

0.19 

0.20 

0.20 

0.18 

0.19 

0.19 

0.19 

ff.„  (mb  - MeV) 

2.0 

3.1 

2.5 

3.2 

3.6 

3.9 

3.7 

3.4 

3.8 

3.9 

4.2 

O'b  - MeV-') 

1.9 

2.6 

2.1 

2.6 

2.8 

2.9 

2.8 

2.5 

2.7 

2.6 

2.7 

The  notation  used  is  defined  in  the  text.  The  average  experimental  errors  Aa0JOo..  Ac. and  An. are  approximately  8%.  \\2 
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K.  Nomura,  T.  Saito.  Hui-Tuh  Tsai 
Japan  ^1,  380  (1968) 


ELEM. SYM. 


Se 


REF.  NO. 


77 


34 


68  Ok  3 


egf 


reaction 

RESULT 

EXCITATION 

ENERGY 

SOURCE 

OETECTOR 

ANGLE 

TYPE  RANGE 

TYPE  RANGE 

G,P 

ABY 

THR-20 

C 20 

ACT- 1 

4PI 

I ari.il  I.  Summary  of  data  oh  (y,  p)  reactions  with  20  MeV  iremsttr ahluno 


Nuclide 

Parent  Residual 

(Natural  (Half-life) 

abundance.  %) 

s, 

(MeV) 

Observed 

r-ray 

Yield  determined 

Energy 

(MeV) 

Branchin 
ratio  (% 

S Type  of 
multipole 
transition 

pCi/mg*> 

Yield/mol -R 

aMf 

(10  II) 

»Na 

(13  hr) 

12.06 

1.37 

100 

£2 

1.48x10*' 

1.7x10* 

•Si 

(4.71) 

•Al 

(2.27  mia) 

12.33 

1.78 

100 

£2 

1.91 

2.8x10* 

•Si 

(3.12) 

•Al 

(6.56  min) 

13.59 

1.28 

93.8 

£2  + .WI 

6.51x10*' 

l.5x  10* 

**Ca 

(2.06) 

“K 

(22.4  hr) 

12.17 

0.374 

85 

£2  + Afl 

7.86x  10-' 

l.3x  10* 

*m 

(7.32) 

••Sc 

(84. Id) 

10.47 

0.887 

100 

£2 

7.11  x I0-* 

3.1x10* 

•Tl 

(73.99) 

"Sc 

(3.4d  ) 

11.44 

0. 160 

100 

£7tiWI 

6.83  x I0-* 

l.2x  10* 

•**Ti 

(3.46) 

**Sc 

fl.Sd  ) 

11.35 

1.31 

100 

£2 

4.40x  I0-* 

5.8x  10* 

“O 

(9.53) 

"V 

(3.8  min) 

11.15 

1.43 

100 

£2 

5.01 X 10-' 

6.6x  10* 

"Fe 

(2.17) 

"Mn 

(2.58  hr) 

10.57 

1.81 

23.5 

£2  + Mi 

8.I0X  IO-« 

2. lx  10* 

’•Ge 

(36.74) 

”Ga 

(4.8  hr) 

10.92 

0.295 

97 

(£2) 

3.70x  10-' 

1.3x10* 

"Se 

(7.58) 

•As 

(26.5  hr) 

9.61 

0.559 

41 

£2 

l.48x  IO-» 

l.3x  10* 

•’Sr 

(7.02) 

"Rb 

09d) 

9.41 

1.06 

9 

£2 

5.15x10-* 

9.9x  10* 

>“Cd 

(12.26) 

n,Af 

(3.2  hr) 

9.74 

1.39 

35 

£2 

1.91 x 10-* 

2.1  x 10* 

"’Sn 

(7.37) 

"••In  (54  min) 

9.58 

1.27 

84 

£2 

9.80x  I0-* 

6.9x  10* 

l*7B* 

0132) 

'•Cs 

03d) 

8.67 

0.830 

100 

£2 

1 .68  x 10-* 

2.2x  10* 

*"Hg 

(16.84) 

i 

> 

c 

(2.7d) 

7.27 

0.412 

100 

£2 

. 8.43 x I0*4 

2.2  x 10* 

a)  The  value  corrected  at  the  end  of  1 hr  irradiation  (9.4x10*  R/min). 


Fig.  2.  The  yield  curve  for  the  (y,p)  reaction 
with  20  MeV  bremsstrahlung. 
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REACTION 

RESULT 

EXCITATION 

ENERGY 

SOURCE 

OETECTOR 

ANGLE 

TYPE  RANGE 

TYPE  RANGE 

G,G 

ABX 

0-2 
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ACT- 1 

4PI 

8 LEVELS 


Tableau  1 

Energie  des  niveau*  excites,  sections  efficaces  intigrtes  et  u =»  gT,  rjr  pour  le  77Se 


£(keV) 

a (fib  • MeV) 

u(eV) 

250±I0 

8 IJ.jXlO-4 

1.3*  ‘ .4xl0*# 

440±I0 

1.84‘;*xl0"3 

9.1*|  x 10”* 

520±10 

5-7-i.Sx,0“3 

4.1*  3-3  x 10“  * 

825  ±10 

4.6*f  x I0“3 

8.0*2  x,<>"7 

932  ±10 

3.5*  J x 10“  2 

7.8t®-sxl0“6 

1000±10 

3.2* 3 x 10-3 

'C 

1 

O 

X 

«n 
+ 1 
00 

1190±10 

0 18-S.oi 

6.7l4;|xl°-s 

1600±10 

°-52-S:t 

3.5*  x 10~5 

Indirect  Activation  of  17.38s  162.0  keV  level  by  .5-2.0  MeV  bremsstrahlung. 
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REACTION 

RESULT 

EXCITATION 

ENERGY 

SOURCE 

OETECTOR 

ANGLE 

TYPE  RANGE 

TYPE  RANGE 

G,N 

ABY 

THR-20 

C 20 

ACT- I 

4PI 

ISOMERIC  YIELD 


Table  1.  The  paeticularj  or  the  (j,n)  reaction  products  and  the  data  obtained 
WITH  20  MeV  BRiRSJTRAHLL-NO 


Nuclide 

Half-life 

of 

product 

(**) 

Gamma-ray  determined 

Limit  of 
detection 

(/AS) 

Yield 

(mol"'-R"‘) 

Parent 
(Natural 
abundance,  %) 

Residual 

Energy 

(MeV) 

Branching 
ratio  (%) 

Photopeak 

activity 

(cpm/mg)»> 

**Mg(78.60) 

“Mg 

9.9 

0.311 

200 

2.04 x 10* 

0.49 

8.1x10* 

™Ge<7.67) 

n»Ge 

48 

0.139 

100 

6.37  x 10* 

1.6 

1.1  x 10* 

™Se<23.52) 

tt-Sc 

17 

0.162 

100 

1.82x10* 

0.55 

1.2x10* 

“Mo(  13.86) 

•'-Mo 

63 

0.650 

57 

2.22x10* 

4.5 

2.7x  10* 

l**Ce{88.48) 

Ce 

38 

0.743 

100 

1.06x10* 

0.95 

1.3x10* 

,rtNd(27. 13) 

Nd 

64 

0.760 

100 

3.19x10* 

3.1 

1.4X10* 

“•TbflOO) 

i— Tb 

11 

0. 1 1 1 

100 

2.56x  10* 

3.8 

2.2x10* 

»)  The  value  corrected  at  the  end  of  one-minute  irradiation  with  the  dose  rate  of 
10*  R/min;‘ Counting  geometry  u 20%  with  a 3"dia.  x3"NaI(Tl)  detector. 


Values  given  are  for  a 

O 


(24.2  MeV) . 


ronM  N BS-4 11 
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ELEM.  SYM. 
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A 

78 

z 

34 

METHOD 

REF.  NO. 

75  Go  1 

hmg 

REACTION 

RESULT 

EXCITATION 

ENERGY 

SOURCE 

DETECTOR 

ANGLE 

TYPE  RANGE 

TYPE  RANGE 

G,  XN 

ABX 

10-  25 

c 9-  25 

BF3-I 

4PI 

a(G,SN) . Statistic 

il  theory 

used  to  obtair 

SN  cross 

section  from  XN  cross  section. 


Table  2 


Niadid* 

a. 

Ej.  MtV 

E|.  M*V 

Nuclld. 

s. 

Ej,  M«V 

E|,  MeV 

“Zn 

ax, 

0.00 

18 

"Co 

0.25 

0.562 

18 

**Zn 

axt 

1.04 

IS 

T*Su 

0.33 

0.5.7H 

18 

“Zb 

0.2 

t.08 

18 

"S.» 

0,3 

0.616 

13 

’*Cc 

Oil 

1.04 

18 

••Sc 

0.23 

0.6:4 

18 

’•Co 

»x, 

<u 

0.835 

0,8 

18 

18 

"Sp 

0,2 

0,635 

18 

Cross  sections  of  photoneutron  reactions. 

The  dipole  photoabsorption  forces  are  tak.n 
from  [6,7]  (the  solid  black  columns). 

^M.G. Huber  et  al.,  Phys.Rev. 155,1073(67' 
'M.G. Huber  et  al.,  Phys.Rev. 192, 22 3 (66. 

Values  given  are  for  aQ(24.2  MeV) . 


Table  3 


Nuclide 

a,  mb 

Nuclide 

a.  mb 

Nuclide 

o,  mb 

•Zn 

"Zn 

“Zn 

"Cc 

307*10* 
3 <0*27 
718*13 
711*37 

’-Co 

:iGe 

"Cc 

"So 

700  *37  j 
872±4l  1 

011*43  I 
0-30*30  | 

"Se 

“Se 

«Se 

1021*32 
1020*. 70 
1067*33 

*M«an  • square  errors 
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REACTION 

RESULT 

EXCITATION 

ENERGY 

SOURCE 

OETECTOR 

ANGLE 

TYPE  RANGE 

TYPE  RANGE 

G,N 

ABX 

10-  26 

D 10-  26 

MOD-I 

4PI 

G,2N 

ABX 

18-  26 

D 10-  26 

MOD- 1 

4PI 

993+ 


Fif,  9.  Partial  pboto neutron  croo  sections  [a(y,  n)+<x(y.  pn)]  and  a(y,  In)  for  ’•Se.  Arrows  5,  and 
BtM  indicate  theoretical  threshold  values  for  (y,  n)  and  (y,  2a)  reactions  npi n'riveiy. 
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Integrated  photoneutron  cross  sections  and  comparison  with  sum  rules 


form  N 3S- 

'»  e v.  7.i  «. 

USC  OMM-N 


Nucleus 

“Zn 

|**Ga 

\7,Ga 

7#Ge 

7,Ge 

74Ge 

7*Ge 

T,As 

7‘Se 

7,Se 

*°Se 

“Se 

£*  (MeV) 

29 

26.5 

26.5 

26.5 

26.5 

26.5 

26.5 

26.5 

26.5 

26.5 

26.5 

»«.  (MeV  ■ b) 

0.75 

0.91 

0.78 

0.94 

1.02 

1.12 

1.09 

1.01 

1.06 

1.11 

1.13 

a^A 

0.78 

0.87 

0.75 

0.88 

0.94 

1 

0.98 

0.90 

0.92 

0.94 

0.95 

0.06  NZ 

B.-Bp  (MeV) 

4.2 

IS 

3 

1 

-0.8 

-2.6 

3.3 

1.7 

0.1 

-1.5 

-3 

«.u  (mb) 

38 

52 

44 

54 

59 

64 

63 

58 

62 

65 

67 

o.i%A~\  (mb) 

0.15 

0.18 

0.15 

0.18 

0.19 

0.20 

0.20 

0.18 

0.19 

0.19 

0.19 

ff-i«  (mb  • MeV”1) 

2.0 

3.1 

2.5 

3.2 

3.6 

3.9 

3.7 

3.4 

3.8 

3.9 

4.2 

(/*•>•  MeV”') 

1.9 

2.6 

2.1 

2.6 

2.8 

2.9 

2.8 

2.5 

2.7 

2.6 

2.7 

The  notation  used  is  defined  in  the  text.  The  average  experimental  errors  Aa^Ja0m.  Aa~xJa.lm  and  Aff^2j0^7m  are  approximately  8 %. 
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ENERGY 
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G ,NP 

ABI 

20-  32 

C 32 

ACT -I 

4 PI 

(y.np)  yields  include  (y»d). 


Tabclle  I 


Reaction 

(7- Wert 
McV 

f.W.Q.  a 
MeV  barn 

mb 

McV 

r 

MeV 

CA“(y,  pn)  1C** 

-24.3 

0,1)05 

2,4 

30  ± 1 

2,1 

ZnM(y,  pn ) C.u** 

- 18,36 

0.O3 

Zn**(y,  pn)  Cii*4 

-18.65 

O.U31 

7.2 

23  ± 1 

4 

Zn“(y.  p)  Cu'T 

- 10.01 

0,19 

11.4 

22.7  ± 1 

6 

Sc**(y,  pit)  As7* 

-20.43 

0,02 

ZnM(y.  2 »)  ZnM 

- 20.82 

0.08 

Mo**(y.  pn)  Sbm 

- 19.5 

0.02 

| Sb1**^.  pn)Srtltl 

-18.2 

0.0006 
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REACTION 

RESULT 

EXCITATION 

ENERGY 

SOURCE 

OETECTOR 

ANGLE 

TYPE  RANGE 

TYPE  RANGE 

G,G 

LFT 

8 

D 8 

SC  D-D 

DST 

(7.819) 

(7.319) 

8=7.  819  MEV 


TABLE  I.  Reduced  partial  radiation  widths  of  the  7818.9-keV  resonance  level  in  8JSe, 


Energy  of 

Energy  of 

Relative 

Reduced  widths 

transitions 

final  state 

intensity 

(eVMeV~*x 

103) 

(keV) 

(keV) 

(Z) 

*(£1) 

A (Ml) 

7818.9 

0 

100  ±0.5 

6±1 

117 ±22 

6369.4 

1449.5  ±0.3 

8.4  ±0.2 

1.0  ±0.2 

13±4 

6339.4 

1479.5  ±0.1 

9.4  ±0.2 

1.1  ± 0.2 

21  ±4 

5944.7 

1874.2  ±0.8 

1.1  ±0.2 

0.2 

3±1 

5853.4 

1960.5  ± 0.2 

27.8  ±0.3 

4±1 

78  ±14 

5507.2 

2311.8  ±0.7 

4.2  ±0.5 

0.8  ± 0.2 

14  ±3 

5304.4 

2514.5±0.3 

6.4  ±0.3 

1.3  ±0.2 

24  ±5 

5191.6 

2627.3  ±0.4 

1.0  ±0.3 

0.3  ± 0.1 

4 ±2 

5004.3 

2814.6  ±0.5 

3.5  ±0.3 

0.8  ± 0.2 

16  ±3 

4991.4 

2827.5  ±0.2 

12.4  ±0.4 

3 ± 1 

56  ±10 

4692.4 

3126.5  ±0.2 

12.5  ±0.3 

4±1 

68  ±13 

4619.1 

3199.3  ±0.3 

5.5  ±0.3 

1.6  ±0.3 

30  ±6 

4570.1 

3248.8  ±0.5 

7.3  ±0.3 

2.2  ± 0.4 

43  ±8 

4502 

3317  ±1 

2.2  ±0.4 

0.7  ±0.2  ‘ 

14±3 

4468.2 

3350.7  ± 0.2 

9.2  ±0.4 

3 ± 1 

58  ±11 

4427.1 

3391.3  ±0.3 

8.5  ±0.3 

3±1 

55  ±10 

4376.8 

3442.1  ±0.3 

5.2  ±0.4 

1.9±0.3 

35  ±7 

4212.0 

3606.9  ±0.4 

3.7  ±0.3 

1.5  ±0.3 

28±6 

4199.1 

3619.3  ±0.5 

2.8  ±0.3 

1.1  ±0.2 

21±S 

4163 

3658  ±1 

1.3  ±0.3 

0.5  ±0.1 

10±3 

3949.1 

3869.8  ±0.5 

3.0  ±0.4 

1.5  ±0.3 

27  ±6 

3866.9 

3952.0  ±0.4 

3.0±0.5 

1.6  ±0.4 

3G±T 

3756.1 

4062.8  ±0.4 

4.3  ±0.4 

3 ± 1 

50  = 10 

Most 

likely 

shnracter 


El 

£1  or  A/1 
El  or  A/1 
£1  or  ML 
El 

El  or  Ml 
El  or  Ml 
El  or  Ml 
El  or  A/1 
£1 

£1 

£1  or  Ml 
£1 

£ 1 or  Ml 
El 

£1 

£1  orAfl 
£1  or  A/1 
£1  or  Ml 
El  or  Ml 

El  or  A/1 
£1  or  A/1 
El 
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TABLE  H.  Experimental  -Aj;  coefficients  compared  with  theory,  assuming  pure  dipole. 

Transitions  in  (0Se 

Theoretical  A~j  coefficients  for  various 

Energy  of  Energy  of  final  assumed  spin  sequences 

transition  state  0—1 — 0 0—1  — 1 0—1  — 2 

fkeV)  (keV)  0,500  -0.250  0.050 


7818.9 

0 

+0.500 

6369.4 

1449.5 

+0.15*0.13 

6339.4 

1479.5 

+0.58*0.06 

5944.7 

1874.2 

+0.62*0.58 

+0.62*0.58 

5858.4 

1960.5 

+0.06*0.03 

5507.2 

2311.8 

-0.03*0.17 

5304.4 

2514.5 

+0.17*0.09 

5004.3 

2814.6 

+0.37*  0.37 

+0.37*0.37* 

4991.4 

2827.5 

+0.13*0.07 

4692.4 

3126.5 

+0.14*0.08 

4619a 

3199.8 

+0.21*0.10 

4570.1 

3248.8 

+0.01*0.09 

4502 

3317 

+1.2  *0.7 

4468.2 

3350.7 

-0.25*0.08 

4427.1 

3391.8 

+0.11*0.07 

4376.8 

3442.1 

+0.40*0.18 

4212.0 

3608.9 

+0.19*0.19 

4199.1 

3619.8 

+0.46*0.28 

3949.1 

3389.8 

—0.25*0.30 

-0.25*0.30 

3866.9 

3952.0 

-0.30*0.38 

-0.30  *0.38 

3756a 

4062.8 

+0.39*0.24 

* Only  spin  assignment  of  2 is  valid  for  the  final  state,  since  the  transition  to  the  ground  state  was 

observed  (seeFigJ 
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A.M.  Goryachev,  G.N.  Zalesnyi,  and  B.A.  Tulupov 
REF‘  izv.  Akad.  Nauk  SSSR.  Ser.  Fiz.  39,  134  (1975) 

Bull.  Acad.  Sci.  USSR  Phys.  Ser.  39,  116  (1975) 

ELEM.  SYM. 

Se 

A 

80 

z 

34 

METHOD 

REF.  NO. 

75  Go  1 

hmg 

REACTION 

result 

EXCITATION 

ENERGY 

SOURCE 

OETECTOR 

ANGLE 

TYPE  RANGE 

TYPE  RANGE 

G,  XN 

ABX 

9-  25 

C 9-  25 

BF3-I 

4PI 

a(G,SN> . Statistic 

al  theory  used  to  obtai 

n SN  cross 

section  from  XN  cross  section. 


Table  2 


Nuclid* 

f. 

Ej.M*V 

E|,  M«V  | 

Nudld* 

h 

Ej,  M*V 

E|,  M*V 

“Zn 

0JS.7 

0.09 

j* 

18  1 

"Cc 

0.25 

02562 

18 

"Zn 

020 

1.04 

13  I 

"Su 

0.33 

025.79 

18 

"Zn 

02! 

1.08 

18  1 

’•Se 

0.3 

0.616 

13 

"Cc 

0,23 

1.04 

18  t 

"Sc 

0.23 

0.6.74 

18 

0.835 

18 ' 

“Se 

0,2 

0.653 

18 

"Ce 

00 

0.8 

18  H 

Fig.  3.  The  same  as  in  Fig.  1,  but  for  76»78,80, 82Se^ 

Table  3 Cross  sections  of  photoneutron  reactions. 


Nuclid* 


PORM  N3 

ir ev.  7-i 
USCOMM- 


••Zn 

••Zn 

"Zn 

’•Cc 


a.  mb 


3!l7±l'j  • 
•77!l±27 
71. Si  3.7 
733±37 


Nuclid* 


’JCe 

;iU- 

■K'.c 

’•Sc 


700 ±37 
872 ±41 
Oil  ±43  J 
930±30  j 


Nuclid* 


"Sc 

"Se 

“Se 


The  dipole  photoabsorption  forces  are  taken 
f2?om  [6,7]  (the  solid  black  columns). 


1021±.'i2 

1020  ±.70 
1067=53 


Values  given  are  for  aQ(24.2  MeV) 


*M«in  • square  errors 
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REF. 


METHOO 


P.  Carlos,  H.  Beil,  R.  Bergere,  J.  Fagot,  A. 

A.  Veyssiere,  G.  V.  Solodukhov 
Nucl.  Phys.  A258 , 365  (1976) 


Lepretre, 


ELEM.  SYM. 


Se 


80 


34 


76  Ca  1 


egf 


REACTION 

result 

EXCITATION 

ENERGY 

SOURCE 

OETECTOR 

ANGLE 

TYPE 

RANGE 

TYPE  RANGE 

G.N 

ABX 

10-  28 

D 

10-  28 

M0D-I 

4PI 

G,2N 

ABX 

16-  28 

D 

10-  28 

MOD- 1 

4PI 

996+ 


Fig.  10.  Partial  photoneutron  cross  section  (<r(y,  n)  + o(y,  pn)]  and  a(y,  2a)  for  10 Sc.  Arrows  A, 
and  B u indicate  theoretical  threshold  values  Tor  (y,  a)  and  (y,  2 n)  reactions  respectively. 


Tabu  3 

Integrated  photoneutron  cross  sections  and  comparison  with  sum  rules 


Nucleus 

“Zn 

|‘*Ga 

r'Ga 

7#Ge 

7,Ge 

74Qe 

74Ge 

71  As 

7*Se 

7*Se 

,0Se 

”Se 

£m  (MeV) 

29 

26J 

26.5 

26.5 

26.5 

26.5 

26.5 

26.5 

26.5 

26.5 

26.5- 

<T«a  (MeV  • b) 

0.75 

0.91 

0.78 

0.94 

1.02 

1.12 

1.09 

1.01 

- 1.06 

1.11 

1.13 

OouA 

0.06  NZ 

0.78 

0.37 

0.75 

0.18 

0.94 

1 

0.98 

0.90 

0.92 

0.94 

0.95 

B.-B , (MeV) 

4.2 

(3.7 

11.4 

3 

1 

-0.8 

-2.6 

3.3 

1.7 

0.1 

-1.5 

-3 

e.„  (mb) 

31 

52 

44 

54 

59 

64 

63 

58 

62 

65 

67 

o _ , ~ 1 (mb) 

0.15 

0.11 

0.15 

0.18 

0.19 

0.20 

0.20 

0.18 

0.19 

0.19 

0.19 

<f~im  (mb  • MeV" 1 ) 

2.0 

3.1 

2.5 

3.2 

3.6 

3.9 

3.7 

3.4 

3.8 

3.9 

4.2 

».)t/i*l  (jtb  • MeV" ') 

1.9 

2.6 

2.1 

2.6 

2.8 

2.9  . 

2.8 

2.3 

2.7 

2.6 

2.7 

A E V 7*  I 4*  i _ 

use  omm-n e The  notation  used  is  defined  in  the  teat.  The  average  experimental  errors  Aa^Ja^,  Aa„xJa_xm  and  Jo-iJo-s.  are  approximately  3 %.  129 
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■' 


1 1 

130 


/ 


Se 

A=82 


> 


A=82 


131 


A=S2 


132 


> 


E.  Silva,  J.  Goldemberg 

An.  Acad.  Brasil.  Cienc.  26,  275  (1956) 


cu  C.V  . 3 r l> 


Se 


82 


3^ 


*ernoo 


Betatron 


Rer.  NO. 

56  Si  2 


NVB 


REACTION 

RESULT 

EXCITATION 

ENERGY 

SOURCE 

OETECTOR 

ANGLE 

TV  PC  RANGE 

G,  N 

ABX 

9-22 

C 9-22 

ACT-I 

14-PI 

IfttAM  MCI  A VISA 


iPlN 


Tabela  i 


RSACAO 

9 

max 

r 

(Urgura) 

(MevJ 

/ f dE 

j rdE  tebrico 

(bam) 

Experimental 

x — 0 

x - O.SS 

Se°(Tr,n) Se'1  e Se“* 

0.19 

4.6 

0,87  Mev-bam 

1.23  Mev-bam 

1,77  Mev-bam 

Fig.  1 


s. 


82 


I' 


_ y* 57 mm. 

r 98Kc^ 

V .17  mm. 


St  8* 


.i. 

Fig.  2 


»o«m  NBS-418 
'»  CV.  M*.MI 
JIC3MU.OC  21010.  Pet 
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ret. 


METHOD 


A.M. 

Izv. 

Bull 


Goryachev,  G.N.  Zalesnyi,  and  B.A.  Tulupov 
Akad.  Nauk  SSSR.  Ser.  Fiz.  39,  134  (1975) 
Acad.  Sci.  USSR  Phys.  Ser.  39,  116  (1975) 


CLEM.  SYM.  A Z 


Se 

ret.  mo. 


82 


34 


75  Go  1 


hmg 


REACTION 

RESULT 

EXCITATION 

ENEROV 

SOURCE 

OETECTOR 

ANCLE 

TVPC  RAN4C 

TYPf  RANOC 

G,  XN 

ABX 

9-  25 

C 9-25 

BF3-I 

4PI 

a(G,SN) . Statistical  theory  used  to  obtain  SN  cross 
section  from  XN  cross  section. 


ty.  M.V 


Fig.  3.  The  same  as  in  Fig.  1,  but  for  76'78, 80,82Se. 


Cross  sect lens  of  photoneutron  reactions. 
The  dipole  photoabsorption  forces  are  taken 
from  [6,7]  (the  solid  black  columns). 


7” 

I M 


.G. Huber  et  al.,  Phys. Rev. 155, 1073 (67) 
M.G. Huber  et  al.,  Phys. Rev. 192, 223 (66. 


Table  2 


Nuclide 

B» 

Zj.  M»V 

E|,  Mtv  I 

NudkJe 

0. 

E,.  MtV 

E,.MtV 

•‘Zn 

“Zn 

"Zn 

"Oc 

’*Cc 

o.r. 

0.23 
0.2 
0.23 
11.2. » 
0J 

0.00 
1.0  i 

1.03 

1.04 
0.833 
0.6 

18  j 

IS  ; 

18  j 

13  I 
IH  2 

’•Gc 

’•Sc 

’•So 

“Sc 

"So 

0’S 

0.33 

0.3 

0.23 

0.2 

0-V>2 

0.33*1 

0.616 

0.634 

0,635 

IS 

18 

13 

IS 

13 

Table  3 


Nuclide 

a,  mb 

| NucOdc 

e,  mb 

Nuclide 

».  mb 

••Zn 

307-10  1 

1 ’-Cc 

700-37 

’•Sc 

1021-52 

••Zn 

370-27 

3 

872-41 

“be 

1020  ±30 

• “Zn 

718—33 

j ’K-c 

011-43 

•»Se 

1067—53 

'•Cc 

7:01-37 

3 7,Sc 

030*30  J 

•Mean  • square  errors 

pobm  NSS-4M 

ip  Ev.  7.1  e.«4» 
USCOMM.OC  26010>P*4 


Values  given  are  for  aQ(24.2  MeV)  . 
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REF. 


METHOP 


P.  Carlos,  H.  Beil,  R.  Bergere,  J. 

A.  Veyssiere,  G.  V.  Solodukhov 
Nucl . Phys.  A258,  365  (1976) 


Fagot,  A.  Lepretre, 


EL  EM.  SYM.  A Z 


Se 

REF.  NO. 


82 


34 


76  Ca  1 


egf 


REACTION 

RESULT 

excitation 

ENERGY 

SOURCE 

OETECTOR 

ANGLE 

TYPE  RANGE 

TYPE  RANGE 

G,N 

ABX 

9-  26 

D 9-  26 

MOD- 1 

4PI 

G,2N 

ABX 

16-  26 

D 9-  26 

MOD— I 

4PI 

999+ 


Fig.  11.  Partial  photoneutron  cross  sections  [aiy.  n)+a(y,  pn)J  and  aiy,  2a)  for  “S*.  Arrows  A, 
and  indicate  theoretical  threshold  values  for  (y,  a)  and  (y,  2n)  reactions  respectively.  Data  were 

not  corrected  for  impurities. 


Tails  3 

Integrated  photoneutron  cross  sections  and  comparison  with  sum  rules 


Nucleus 

**Zn 

l**Oa 

\T,Ga 

7#Oe 

7,Ge 

74Ge 

74Ge 

71  As 

7*Se 

7,Se 

••Se 

”Se 

Eu  (MeV) 

29 

26.3 

26.3 

26.3 

26.3 

26.3 

26.3 

26.5 

26.5 

26.5 

26.5 

<?•.  (MeV  • b) 

0.7S 

0.91 

0.78 

0.94 

1.02 

1.12 

1.09 

1.01 

' 1.06 

1.11 

1.13 

0.06  HZ 

0.78 

0.87 

0.73 

0.88 

0.94 

1 

0.98 

0.90 

0.92 

0.94 

0.95 

*.-«,< MeV) 

4.2 

(3.7 

11.4 

3 

1 

-0.8 

-16 

3.3 

1.7 

0.1 

-1.5 

-3 

®-u  (mb) 

38 

32 

44 

34 

39 

64 

63 

58 

62 

65 

67 

a _ i ~ 1 (mb) 

0.13 

0.18 

0.13 

0.18 

0.19 

0.20 

0.20 

0.18 

0.19 

0.19 

0.19 

a.u  (mb  • MeV”1) 

2.0 

3.1 

13 

3.2 

3.6 

3.9 

3.7 

3.4 

3.8 

3.9 

4.2 

(j,b-  MeV*') 

1.9 

16 

11 

16 

2.8 

19  .; 

• • 18 

15 

17 

2.6 

2.7 

IRCV.  7 

uscoM  The  notation  used  is  defined  in  the  text.  The  average  experimental  errors  dooJoo*  d<r_la/<r_la  and  zhT_la/<r_la  are  approximately  8 %. 
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r. 


jRCfllilE 

1=55 


Tyrian  purple  (an  organic  compound  of  bromine)  was 
used  as  a rich  and  costly  dye  centuries  before  the 
element  bromine  was  discovered.  It  was  prepared  from  a 
white  juice  secreted  by  the  Mediterranean  mollisk  that 
was  mentioned  in  the  Bible  (Ezek.  27:7,16). 

Credit  for  the  discovery  of  bromine  is  given  to  Antoine- 
Jerome  Balard  (1802-1876),  a Frenchman  and  an  obscure 
young  assistant  at  the  chemistry  department  of  the 
College  of  Montpellier.  At  the  time  of  his  discovery  he 
was  only  23  years  old.  In  1824,  while  studying  the  flora 
of  a salt  marsh,  Balard  noticed  a deposit  of  sodium 
sulfate  which  had  crystallized  out  in  a pan  containing 
mother  liquid  from  common  salt.  In  an  attempt  to  find  a 
use  for  these  waste  liquors  he  made  a series  of 
observations  which  led  to  the  discovery  of  bromine.  He 
suggested  the  name  "muride"  for  the  new  element  to  the 
French  Academy  of  Science.  They,  in  turn,  proposed  the 
name  "brome"  from  the  Greek  word  bvomos  meaning 
stench,  to  indicate  its  strong  irritating  odor. 
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T.  Kaminishi,  C.  Ko j ima 

Jap.  J.  Appl.  Phys.  2,  399  (1963) 


METHOO 


Br 


REF.  NO. 


P 


Linac;  isomer  yield;  activity 


63  Ka  2 


NVB 


REACTION 

RESULT 

EXCITATION 

ENERGY 

SOURCE 

oetector 

ANGLE 

TYPE  NANCE 

G,G/ 

RLY 

1 

c4 

ACT- 1 

k-PI 

(0.21) 

Table  0.  The  isomers  observed 


Isomer 

Observed  value 

Referenced 

value“»1*' 

Half-life 

Energy  (MeV) 

Half-life 

Energy  (MeV) 

Se-77m 

17.5  sec 

0.160 

17.5  sec 

0.161 

Br-79m 

4.30  sec 

0.209 

4.8  sec 

0.208 

Sr-87m 

2.3  hr 

0.390 

2.8  hr 

0.388 

Y-89m 

15.0  sec 

0.920 

14  sec 

0.915 

Rh-103m 

58  min 

• 

57  min 

0.040 

Ag-107m 

44  sec 

0.094 

Ag-109m 

f 42  sec 

> 0.95 

40  sec 

0.088 

Cd-lllra 

47  min 

0.150.0.255 

49  min 

0.150.0.247 

In-llSm 

4.5  hr 

0.335 

4.5  hr 

0.335 

Sn-117m 

17  day 

0.160 

14  day 

0.159.0.161 

Ba-I37m 

2.6  min 

0.660 

2.6  min 

0.662 

Er-167m 

2.10  sec 

0.209 

2.5  sec 

0.208 

Hf-179m 

18.5  sec 

0.157,0.215 

19  sec 

0.161,0.217 

W-183m 

5.4  sec 

0.200.0.170.0.115 

5.5  see 

0.1025.0.2915  othert 

Ir-191m 

4.90  sac 

0.129. <0.07 

4.9  sec 

0.042-0.129 

Pt-I95m 

4.5  day 

0.065** 

4.1  day 

0.031-0.130 

Au-197m 

7.0  sec 

0.10,0.27,0.40 

7.2  sec 

0.130,0.270,0.407 

Hg-199m 

43  min 

0.160,0.370 

42  min 

0.158.0.368 

• This  isomer  was  measured  with  a G-M  flow  counter. 
••  This  value  corresponds  to  Pt-K  X-ray  energy. 


Table  III.  Induced  activation  rate 


Element 

Beam 

energy 

(MeV) 

Counting  rate 
( x 1C0C0  cpm)  | 

Sample  .V.rrn 

Se 

5 

1300 

metallic  ...  .at 

Br 

4 

1600 

Na3r  gra:. 

Sr 

6 

0.3 

SrCOi  powder 

Y 

5 

90 

metallic  grain 

Rh 

5 

<0.2.* 

RhCli  grain 

Ag 

5 

180 

metallic  plate 

Cd 

6 

0.5 

CdCli  grain 

(n 

£ 

8 

metallic  plate 

Sn 

6 

0.0005 

metallic  plate 

3a 

5 

0.6 

3aS  powder 

Er 

4 

4900 

EriOj  powder 

Hf 

5 

1600 

metallic  plate 

W 

5 

120 

metallic  powder 

Ir 

\ 5 

2100 

metallic  powder 

Pt 

5 

0.3 

metallic  plate 

Au 

4 

4300 

metallic  plate 

" Hg 

t 

1 6 

0.09 

metallic  liquid 

U.S.  DEPARTMENT  OF  CCV.MEP.es 
NATIONAL  BVJNdAUOF  IT..  - . J ; 


* The  value  measured  with  a G-M  flow  counter. 
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J.  W»  Jury,  J.  S.  Hewitt,  and  K.  G.  McNeill 
Can.  J.  Phys.  £6,  1823  (1968) 


ELEM.  SYM. 


Br 


35 


METHOD 


REF.  NO. 


68  Ju  1 


EGF 


REACTION 

RESULT 

EXCITATION 

ENERGY 

SOURCE 

OETECTOR 

ANGLE 

TYPE  RANGE 

TYPE  RANGE 

G,N 

NOX 

THR  - 27 

C 27 

THR  5- 

DST 

W(0)  = aQ  + a^  + a2P2 


TABLE  I 


Target  element 

Z 

Energy 

00* 

a,la0 

(lull  o 

Vanadium 

23 

32 

640  ±50 

0.11-0.10 

— 0.09  — 0.  1 1 

Chromium 

24 

22 

365  ±39 

0.02  + 0.08 

o.oo-o.  ;o 

Manganese 

25 

450  ±33 

0.07  + 0.05 

-o. : i -o.o6 

Bromine 

35 

27 

374  ±54 

0.05  — 0.06 

-0.  15-0.08 

Molybdenum 

42 

610  + 60 

0.09  + 0.05 

-0.35  + 0.06 

Ruthenium 

44 

27 

1 1 00  ± 25 

0. 12  + 0.02 

-0.29-0.03 

Rhodium 

45 

27 

1270  ±47 

0.06  + 0.03 

-0.  14-0.03 

Palladium 

46 

27 

1350  ±29 

0.26-0.02 

-0. 12-0.02 

Antimony 

51 

27 

2140-62 

0.04  + 0.08 

-0.25-0.11 

Lanthanum 

57 

27 

1 940  ± 70 

0.12  + 0. 10 

-0.52-0. 14 

Praseodymium 

59 

30 

1800  ±58 

0.20  + 0.08 

-0.40-0.09 

Platinum 

78 

27 

2600  ±52 

0. 17  + 0.02 

-0.15-0.03 

Lead 

82 

22 

2274  ±59 

0.08  ±0.08 

-0.46-0.09 

•The  yield  per  mole  per  100  r was  normalized  to  a yield  of  2274  for  the  lead  sample  at  the  same  energy. 
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(REV.  7-14-64) 
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U.S.  DEPARTMENT  OF  COMMERCE 
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Atomic  Number  A 

Fig.  15.  Ratio  a^Ja,  versus  atomic  number  A.  Here  a,*,  is  the  level  density  parameter  taken  from 
the  neutron  resonance  work  of  refs.  I,i),  and  a,  is  the  level  density  parameter  derived  from  the 
present  (y,  n)  work.  Filled  circles  represent  points  where  nuclei  in  the  neutron  resonance  and  in  the 
(y.  n)  experiment  were  the  same.  Open  circles  represent  points  where  the  respective  nuclei  were 
approximately  matched.  Triangles  represent  points  which  are  based  on  measurement  of  neutron 
mean  energies  at  two  bremsstrahlung  energies  only. 


(over) 


ronM  N3S-418 

IP*  e V.  7*1  4.441 
USCOMM.OC  26010.044 


PHOTONUCLEAR  DATA  SHEET  141 


U.S.  DEPARTMENT  OF  COMMERCE 
NATIONAL  BUREAU  OF  STANDARDS 


oo  e 
(0 

g 8 

£* 

C 

x; 

*3 

* S 


I E 

s 5 

u 

</» 

s 5 

± 4> 

3 S * 

s 2 e 

C9  V 

Ki 

« *■£  s. 

!!  a c 5 

5 "°  -S  = 

H ■*  _ .2 

U>  4»  — 

•—  > a 

« - 5 

o 


« 


— .*£ 


e ® 
v o 

s -S 

*Z  (9 
4*  & 

§•  e 

2 S 

<■_ 

o -3 

e 

e « 


r3  — 

a s 
E E 
o Jr 
CJ  <2 


« > 
v 
2 


K > 
u 
2 


CJ,> 

a « 

<*J  2 


p ^ 
o o 

O 


■5  « 
'»  a 


c a 


OS 

e~\ 

Ol 

Tf 

001 

OO 

O 

vs 

OO 

P^ 

oo  8 

Os 

o 

Os 

os 

OO 

OsJ 

00 

SIl 

6 

6 

61 

6 

ol 

“■ 

d 

o 

o 

ol 

6 

dll 

P 

> 

b 

y 

c 

2 

£ 

o 

O 

z 

3 

e 

N 

wt 

(A 

< 

O 

C/3 

b 

a 

c/5 

* 

<n 

•t 

*» 

<i 

•» 

<o 

1* 

i* 

m 

• 

*o 

r>i 

SO 

«n 

OS 

o 

J, 

m 

OS 

oo 

o 

OS 

00 

oo 

sO 

VO 

v© 

'O 

p* 

00 

00 

o 

rsj 

ri 

_ 1 

“ 

“ 

H 

P* 

> 

o 

y 

1 

«* 

1* 

lU 

o 

CJ 

« 

z 

r» 

3 

y 

c 

N 

♦ 

</» 

< 

o 

.5/3 

b 

a 

cJ5 

*1 

•* 

•» 

« 

t* 

as 

r— 

>o 

rs| 

o 

r* 

00 

vs 

vs 

m 

VO 

00 

00 

00 

oo 

o b 

p^ 

VO 

Os 

o 

■*t 

m* 

rn 

* 1 

O 

«-*S 

Os 

VO 

os 

os 

00 

SO 

OS 

N 

3 

00 

2 

3 

Os 

m 

rr 

f*S 

mm 

" 

ri 

<N 

ri 

“■ 

— 

“ 

— 

— 

— 

o 

o 

o 

LU 

a. 

a 

u. 

u. 

V.P. 

0 

a. 

a 

LU 

a 

flu 

a 

a 

a 

a 

> 

> 

> 

> 

> 

O'v  0~X  «S  o\  ON 

00  00  '•I  V»  V\ 
P* 

100% 

9 *f  O (N 
OO  — 

1 

>0  PI  M 
OS 

100% 

a\  a\  o\  o\  #\ 

« >0  « «f  ■ 

sO  <N 

o\  o\ 
Os  — 
so  m 

^ <30  ^ ^ 
’T  CN  — 

X 0 

O 

o 

X.O  vO  v9  \J  \9 
on  a\  ox  o x s x 

OS  OO  ^ © OS 
rs  vs 

' O ' o 

O X O X 
•/■S  OS 

VO '0-0 

o x ox  as 

O r^“  ^ 
— 00 

r*  fN  pm  <N«rN 


•n  m vs 


vs  oo  o< 


> U 


2 U 
N 


142 


Mian  (l«>  M(l»n  (vkl 


A.  Jarund  and  B.  Forkman 


Z.  Physik  A281 , 39  (1977) 

Br 

35 

«£  = . '.Z. 

77  Ja  2 

egf 

r,  j * : • . • 

Ex- -4-f. 
es£=Y 

stv-t- 

AfiCt 

— 

G,NA24 

ABY 

THR-999 

C 400-999 

ACT- 1 

4PI 







- 

------  .... 

— 

| 1 1 r — i — i — rr-Ti 

999=1  GEV 

Br 


F19  1 » 3'fnt-'1.”  *n#rjy  (MtV) 


Hg.  I a j.  The  measured  y.S.i  c>  a function  of  brer.:*»tr.- ’•  r f 1 pc  r : er.C"*.-  Th;  error  ears  give  the  statistic^!  error*  in  the  numbers  e.'y- 
quanta  detected  The  j *!J  ;■*.;?  ire  fitted  to  the  yie’d  ••  ’•  rd.  Tr.c  v ieid  from  Cu  vF:r.  I a) :» measured  in  [l]and  has 

been  recalculated  u»ir.g  the  Miter  carve  of  [5] 


100  ■ • 


so-  • 


p*4w*t  '‘ho 

(,  mil:  400  - 1000  Mil 


20  - 


TT 


100  k- 

Target  «io»* 


-rk- 


Kij.  1 — cro%s  section  ;n  the  energy  range  400  to  I00<)  MeV 
cai.  . .'.-4  • " the  yields  of : .ru*e  ! in  this  work  and  of  F-igures  I to 

c •-  ; : '•  ««  j’.j*  ?_  ;r»  vine  points 


70  SO  100  ISO  200  240 

n g*w*f  Ay 


Fij.4.  Mean  cross  sections  of  the  present  work  and  of  [1]  (•) 
compared  writh  the  cross  sections  in  proton  irradiations:  + 400  MeV 
143  from  [4],  o 700  MeV  from  [16]  and  an  extrapolated  value  from  [17], 
v 3 GeV  from  [18] 


• • C - 5 f i • . k 


144 

T, 


:r 

A=  7 9 


■ 


' 


f mi . ip  a 

u.  - 


REF. 

H.  Langhoff,  L.  Frevert,  W.  Schott  and  A. 
Nucl . Phys.  72,  145  (1966) 


methoo 


Flammersf eld 


EL  EM.  SYM. 


Br 


79 


35 


REF.  NO. 


Resonance  Fluorescence 


[Page  1 of  2] 


66  La  1 


JDM 


REACTION 

RESULT 

EXCITATION 

ENERGY 

SOURCE 

DETECTOR 

ANGLE 

TYPE  RANGE 

TYPE  RANGE 

G.G 

LFT 

0 

1 

• — • 

D 0-1 

NAI-D  0 - 1 

F*l-  3.  gif' Jgt  for  the  134  keV  transition  determined  by  the  scattering  and  by  the  absorption  expert- 
menu  is  plotted  as  a function  of  the  transition  energy 


V/V/- 


1336  ' 


! I 


rrr'1 

1335  1071  93S 


■ j. „ss 


v !J-;h 


nss  1 

I i 


I I I I i 

tin  ran  in  i i5i 


VW — 

V — 

v/y — 


ti- 


nt 

m I m | , 

■ i til*  1 


517  536 


535 


Vi 


331 


319  399  309 


03L 


60S 

535 

399 


1 — 1 — 399 


SOS 


u 


61 

■317 


I3l93hl 
09%  EC 
lots’!,  [Cl 

ISH.CC  Z-ft.7:0il-W,1:tc 


110% CC  Z.W'Oll-IO^tt 
„Z43S*r.Ol-IO-v:tc 
001S%tr  ,73%[C  Z-liS‘IShlO'nsK 
I •ll3*WI-IO~n:K 
013% ft'.  93%  CC 

7S%ft‘.  63 i % CC 


3 5 foil 

Fig.  7.  Decay  scheme  of  7,Kr  supplemented  by  the  results  of  the  present  investigation. 


FORM  NBS-411 

<R  tV.  7-1  4-64) 
UJCOMM.OC  26  01  (>■  PQ 4 


PHOTONUCLEAR  DATA  SHEET  147 


u.s.  department  OF  COMMERCE 

NATIONAL  BUREAU  OF  STANDARDS 


REF. 

H.  Langhoff,  L.  Frevert,  W. 
Nucl.  Phys.  72 j 145  (1966) 


METHOD 


EL  EM.  SYM. 


Sch6"tt  and  A.  Flammersfeld 


Br 


79 


REF.  NO. 


35 


Resonance  Fluorescence  [Page  2 of  2] 


REACTION 

RESULT 

EXCITATION 

ENERGY 

SOURCE 

oetector 

ANGLE 

TYPE  RANGE 

TYPE  RANGE 

Table  1 

Results  of  resonance  scattering  and  absorption  experiments 
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resents the  self  absorption  in  the  NaBr  absorber  and  allows  the  calculation  of  gxrjg9.  rjT  have  been 
obtained  from  the  measurements  described  in  sect.  3. 
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0.99 

5.6 
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7mi+E2  represents  the  partial  transition  probability  determined  in  the  resonance  fluorescence 
investigation.  The  E2  transition  probabilities  7"E2  obtained  from  Coulomb  excitation  experiments 
yield  together  with  TM1  + E2  the  mixing  ratios  |<S|.  The  results  are  compared  with  predictions  of  the 
single-particle  model  in  column  8 and  9. 
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Table  1 


Isomeric  ratios  from  (y.  a)  reactions 


Residual  nucleus 

Target 

naclens 

/. 

Ground  state 

Metastable  state 

Inter- 

mediate 

state 

Isomer  ratio 

YjiXi+y,) 

<r 

Spin 

Half-life 

Spin 

Half-life 

Spin 

Co" 

1- 

Co" 

2* 

71.3  d 

5* 

9.2 

h 

0.44=0.02 

3.2=02 

GeJ* 

0* 

Ge7* 

82 

min 

i* 

49 

s 

0.48=0.07 

2. 3=0.5 

Br*1 

i~ 

Br** 

I ♦ 

IS 

min 

5" 

4.4 
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0.32^0.02 

6.5=i.a 

5r** 

0* 
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*- 
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2.2 -i-O.A 
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*- 
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*- 
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Hg1J* 

0* 

Kg1*’ 

i- 

65 

h 

A ♦ 

i 

24 

h 

1- 

i- 
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5.'* 

(T.  ^ 2.5  s) 

The  yields  Vt  and  1',  are  for  (y.  a)  reactions  ending  in  the  isomeric-  or  ground-state.  The 
y,  is  for  the  higher-spin  state. 
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(-Q.,  MeV) 

- Observed  gamma-ray 

Results  obtained 

/iCi/mg*)  (J/r.'V.) 

Parent 
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abundance.  %) 

Product 

(llalMifc) 

Energy 

(McV) 

Branching 
ratio  (%) 

Type  of 
multipole 
transition 

»'V(99.75) 

*’Sc(3.4d) 

10.27 

0.160 

100 

MI+E2 

1.99x10-* 

2.8x  10* 

«Cu(30.9) 

*'Co(99  min) 

6.75 

0.068 

99 

Ml  +E2 

7.23x10-* 

9.7x  10* 

’•Ga(39.6) 

«Cu(61  hr) 

5.15 

0. 184 

41 

Ml 

2.70XI0-* 

9.6x  10* 

’*Ge(7.67) 

'•mZn(I4  hr) 

5.89 
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100 
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5. Ox  10* 
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”As(39  hr) 

6.46 

0.246 

2.81 
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4.3 x 10* 
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'*»Rh(36  hr) 

3.28  0.3194-0.306 
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Ml  +£2 
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3.7x  10* 

»»In(95.77) 

l,,Ag(7.6d) 

3.78 
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6 

Afl+£2 

5.70x10-* 

4.3x  I0> 

» ) The  value  corrected  at  the  end  of  1 hr  irradiation  (9.4x  10*  R/min). 


Atomic  number 

Fig.  1.  The  yield  curve  for  (r,  a)  reaction  with 
20  MeV  bremsst  rah  lung. 
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between  that  of  argon  and  helium,  by  heating  rare 
minerals.  Their  next  attempt  was  to  diffuse  argon 
and  hopefully  fractionate  it  into  gases  of  different 
densities.  They  had  been  given  a liter  of  liquid 
air  which  they  used,  not  for  liquefying  their  precious 
fifteen  liters  of  argon  but  for  obtaining  sufficient 
skill  in  gas  manipulation.  Fortunately  they  were 
careful  to  save  the  residue  of  the  liquid  air  for  they 
found  25  cm3  of  an  inert  gas.  This  was  placed  in  a 
Plucker  tube  and  connected  to  an  induction  coil. 

Ramsey  and  Travers  observed  a bright  yellow  line  with 
a green  tint  which  did  not  coincide  with  any  of  the 
known  lines.  They  named  the  new  gas  "krypton"  meaning 
"hidden"  in  Greek. 
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Fig.  13.  Energieverteilung  der  Photoprotonen  aus  Kr  fur  £0=32,5  MeV. 
Kur\e:  Berechnetes  Verdampfungsspektrum 
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Table  IT.  Summary  of  properties  of  the  first  (2*)  excited  states 
of  even-even  Kr  isotopes.  The  values  tor  the  relative  BU\2)  are 
taken  from  lief.  1.  Column  6 fives  the  ratio  of  the  observed  transi- 
tion probabilities  to  the  Wcisskopf  estimate  (Ref.  10)  for  £2 
transitions. 
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RUBIDIUM 

1=57 


Rubidium  was  discovered  by  Gustav  Kirchoff  and 
Robert  Bunsen  who  announced  their  discovery  to  the 
Berlin  Academy  of  Sciences  on  February  23,  1861. 

The  achievement  was  made  possible  by  the  spectro- 
scope that  the  two  investigators  had  developed. 

Kirchoff's  mind  was  more  speculative  than  Bunsen's 
and  he  was  thoroughly  familiar  with  the  researches 
of  Josef  Fraunhofer.  Kirchoff  showed  Bunsen  that, 
instead  of  looking  through  colored  glass  to 
distinguish  between  similarly  colored  flames,  he 
should  use  a pri*sm  to  seperate  the  light  into  its 
constituent  rays  or  lines.  This  was  the  basic  idea 
of  the  spectroscope  which  they  used  to  examine  the 
mineral  lepidolite  from  Saxony.  They  observed  two 
remarkable  red  lines  just  beyond  the  brilliant 
Fraunhofer  lines  at  the  extreme  red  end  of  the  solar 
spectrum.  The  new  lines  were  attributed  to  an 
unknown  substance  which  they  called  rubidium  from 
the  Latin  rubidus  meaning  dark  red. 
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PARTIAL  CROSS  SECTION  OF  RUBIDIUM 


Fig.  I.  Partial  photoneutron  cross  sections  o(y,  n)  and  a(y,  2n)  of  Rh. 


Tabu  1 

Loren tz  line  parameters  corresponding  to  fits  shown  in  fig.  6. 
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Integrated  cross  sections  (the  notation  used  is  defined  in  the  text) 
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total  photo  neuton  corns. sections 


t <M»V) 

I 

Fig.  6.  Total  photoncutron  cross  sections  trT  of  Rb,  Sr.  **Y,  30  Zr  and.,3Nb  and  best  one  Lorentz 
line  fit  corresponding  to  parameters  given  in  table  I. 
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E^^=  10.50±0.08,  based  on  counting 
isomers. 


Fic.  6.  Relative  activity  of  the  21-minute  isomeric  state 
of  RbM  as  a function  of  betatron  energy. 
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Table  L Summary  and  comparison  of  neutron  separation  energies  inferred  from  present  threshold  measurements  with  values  predicted 
from  mass  data  and  reaction  energies.  All  energies  are  expressed  in  the  ccntcr-of-maas  system  in  Mev. 
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5.  Ergcbniss* 

Die  Rechnungen  fur  beide  Reaktionen  wurden  mit  Spin-cut-otT-Parametern 
a =■  3.5  und  a =*  4 durchgefuhrt  und  mit  den  gcmessenen  Isomcrenverhaltnissen 
verglichen.  Durch  Interpolation  wurden  Werte  von  a ermittelt,  fur  die  die  berechneten 
Isomerenverhaltnisse  mit  den  gemessenen  Werten  RtX9  ubereinstimmen. 

E s ergaben  sich  folgende  Resultate: 

Reaktion  a 

(n,2n)  1.07  ±0.05  3.96  ±0.06 

(7.n)  0.37  ±0.01  3.78  ±0.03 

korr.  4.04  ±0.03 

Herm  A.  Hefl  danken  wir  fQr  seine  Hilfe  bci  der  Bestrahlung  am  n-Generator, 
dem  Bundesministerium  fur  wiss.  Forschung  fur  die  Bereitstellung  von  Sachmittcla. 
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Tajjl*  L Summary  and  comparison  of  neutron  sq>a  ration  energies  inferred  from  present  threshold  measurements  with  values  predicted 
from  mass  data  and  reaction  energies.  All  energies  are  expressed  in  the  ccntcr-of-mass  system  in  Mev. 


K ruction  No.  runs  Present  results  Other  results  Method  Reference 


Rb*,(7^)RbJ*  1 9.99  ±0.0/  9.91  ±0.20  mass  data  m 

0(T)  a 

9.89  ±0.05  threshold  k 


• See  reference  2. 
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Strontium  was  first  detected  in  1790  by  Or.  Adair 
Crawford  (1748-1795)  of  Edinburgh.  He  had  obtained 
a new  mineral  that  was  found  in  the  lead  mine  at 
Strontian,  Argyleshire;  most  mineralogists 
considered  the  material  to  be  an  aerated  barium 
carbonate.  Crawford  published  a paper  that  showed 
that  the  salt  (strontium  chloride)  obtained  by 
dissolving  the  new  mineral  in  hydrochloric  acid 
differs  in  several  respects  from  barium  chloride. 

He  further  concluded  that  "the  Scotch  mineral  is  a 
new  species  of  earth  which  has  not  hither  to  been 
sufficiently  examined." 
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TYPE  HANOI 

■ ANC. 

TYPE  HANOI  1 

G.XN 

ABY 

THR-22 

C 22 

THR-I  5-4-  jS': 

5 

j’ 

Irv  Table  k-. 


•7  * average  cross  section  of  detector 
weighted  with  neutron  spectrum 

3 « aeutrons/lOO  roentgen/mole 


W(0)  - aoV  [1  + An  Pn  (cos  0)] 

O"! 


TABLE  IV 


1 

Element 

11 

a* 

III 

«t 

IV 

V 

(ea)X10»* 

VI 

♦-*(22  Mev)X10» 

VH 

Vanadium 

245(1  ±0.00) 

0.01±0.08 

-0.00=0  10 

6.05 

0.21 

0.12 

Chromium 

104  (1=0.03) 

0.04  ±0.04 

-0.05=0.05 

4.05 

0.17 

0.10 

Manganeoe 

308(1  ±0.02) 

0 . 07  ±0 . 02 

—0.09=0.04 

7.61 

0.25 

0.12 

Iron 

200  (1=0.03) 

0.05±O.Ga 

-0.17=0.05 

'"4.94 

0.18 

0.11 

Cobalt 

3S0  (1  ±0.02) 

0.08  ±0.03 

-0.22=0.04 

9.03 

0.20 

0.15 

Nickel 

145(1=0.05) 

0.07  ±0.07 

-0.23=0.09 

3.58 

0.12 

0.12 

Copper 

347  (1  ±0.02) 

0.05  ±0.03 

-0.29=0.04 

8.57 

0.30 

0.12 

Arsenic 

482(1  ±0.03) 

0.11=0.04 

-0.24=0.05 

11.91 

0.33- 

0.15 

Rubidium 

638(1=0.05) 

0.13=0.00 

-0.14=0.08 

15.76 

Strontium 

409(1=0.05) 

0.10±0.0G 

-0.17=0.08 

10.10 

Yttrium 

290(1=0. 10) 

0.08=0.12 

-0.12=0.15 

7.16 

Silver 

590  ( 1 ±0 . 04 ) 

0. 10±0.06 

-0.22=0. OS 

:4.57 

0.87 

C .07 

Cadmium 

905(1  ±0.02) 

0.02  ±0.02 

-0.26=0.03 

22.35 

lods % 

1133(1  ±0.03) 

0.04  ±0.04 

—0.29=0.55 

27.99 

1.42 

0.08 

Barium 

1048(1  ±0.04) 

0. 10±O.OG 

-0.38=0.08 

25.89 

Lanthanum 

1595(1=0.02) 

0 02=0.03 

-0.42=0.04 

39.40 

1.04 

0.15 

Cerium 

1310  (1  ±0.05) 

0 . 05  ±0 . 00 

-0.39=0. OS 

32.50 

Dysprosium 

1052  (1  ±0.  OS) 

0. Oi  ±0.10 

-0.34=0.13 

40  80 

Tantalum 

1558(1  ±0.02) 

O.C4±O.G3 

-0.22=0.04 

38.  -tS 

2.50 

0.00 

Tungsten 

1305(1  ±0.02) 

-0.07=0.03 

-0.24=0.04 

33.71 

Mercury 

1345(1  ±0.02) 

0.04=0.03 

-0.31=0.04 

33.22 

Lead 

2274  (1  ±0.01 ) 

0.02=0.02 

-0.42=0  03 

50.17 

2.72 

0.08 

Bismuth 

2162  (1=0.02) 

0.05=0.03 

—0.45=0.04 

53. 4U 

3.30 

0.00 

Thorium 

3031  (1±0.04) 

0.00=0.05 

-0.32=0.07 

74.87 

Uranium 

4630(1  ±0.02) 

0.05=0.03 

-0.17=0.04 

114.36 

•()*)  • 2.47X10*  ..  mUlibara-oeulroc.  Error*  arc  uonriard  error*  due  to  counting  atau.  ic*  only. 
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T.  Kaminishi,  C.  Kojima 

Jap.  J.  Appl.  Phys.  2,  399  (1963) 

Sr’ 

38 

METHOO 

Linac;  isomer  yield;  activity 

REF.  NO. 

63  Ka  2 

NVB 

REACTION 

RESULT 

EXCITATION 

ENEROY 

SOURCE 

OETECTOR 

angle 

TYPE  NANCE 

G,G/ 

RLY 

1 

c 6 

ACT- 1 

I4.p1 

(0.39) 

1 

'able  II.  The  isomers 

observed 

Isomer 

Observed  value 

Referenced  value111111 

Half-life 

Energy  (MeV) 

Half-life 

Energy  (MeV) 

Se-77m 

17.5 

sec 

0.160 

17.5 

sec 

0.161 

Br-79m 

4.80 

sec 

0.209 

4.8 

sec 

0.208 

Sr-87m 

2.3 

hr 

0.390 

2.3 

hr 

0.338 

Y-89ra 

15.0 

sec 

0.920 

14 

sec 

0.915 

Rh-103m 

58 

min 

* 

57 

min 

0.040 

Ag-107m 

l 

1 

44 

sec 

0.094 

Ag-109m 

/ 42 

sec 

j-  0.95 

40 

sec 

0.088 

Cd-lllm 

47 

min 

0.150,0.255 

49 

min 

0.150,0.247 

In-1 15m 

4.5 

hr 

0.335 

4.5 

hr 

0.335 

Sn-117m 

17 

day 

0.160 

14 

day 

0.159.0.161 

Ba-137m 

2.6 

min 

0.660 

2.6 

min 

0.662 

Er-167m 

2.10 

sec 

0.209 

2.5 

sec 

0.208 

Hf-179m 

18.5 

sec 

0.157,0.215 

19 

sec 

0.161,0.217 

W-183m 

5.4 

sec 

0.200,0.170,0.115 

5.5 

sec 

0.1025,0.2915  other 

Ir-191m 

4.90 

sac 

0.129,  <0.07 

4.9 

sec 

0.042-0.129 

Pt-195m 

4.5 

day 

0.065** 

4.1 

day 

0.031-0.130 

Au-197m 

7.0 

sec 

0.10,0.27,0.40 

7.2 

sec 

0.130,0.270,0.407 

Hg-199m 

43 

min 

0.160,0.370 

42 

min 

0.158,0.368 

* This  isomer  was  measured  with  a G-M  flow  counter. 
■*  This  value  corresponds  to  Pt-K  X-ray  energy. 

Table  III.  Induced  activation  rate 


Element 

Beam 

energy 

(MeV) 

Counting  rate 
( x IOOCO  cpm) 

Sample  form 

Se 

5 

1300 

metallic  pellet 

Br 

4 

1600 

NaBr  grain 

Sr 

6 

0.3 

SrCOj  powder 

Y 

5 

90 

metallic  grain 

Rh 

5 

1,0.2'.* 

RhCla  grain 

Ag 

5 

180 

metallic  plate 

Cd 

6 

0.3 

CdClj  grain 

Tn 

6 

8 

metallic  plate 

Sn 

6 

0.0005 

metallic  plate 

Ba 

5 

0.6 

BaS  powder 

Er 

4 

4900 

Er^Oa  powder 

Hf 

5 

1600 

metallic  plate 

W 

5 

120 

metallic  powder 

Ir 

5 

2100 

metallic  powder 

Pt 

5 

0.3 

metallic  plate 

Au 

4 

4300 

metallic  plate 

Hg 

6 

0.09 

metallic  liquid 

FO„M  „ * The  value  measured  with  a G-M  flow  counter. 
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REF.  NO. 


Radioactive  source 


63  Ve  2 


NVB 


REACTION 

RESULT 

EXCITATION 

ENERGY 

SOURCE 

DETECTOR 

ANGLE 

TYPS  RANGE 

TYPE  RANGE 

G,G/ 

ABX 

0-1 

D 0-1 

NAI-D 

ISOMERS 


TaC.iHua  II 

M3Mep€HHue  3HaieHHfl  nocjie  o6.nyMeHn>i.  cpaBHKBae.Mue  c apyriiMH  JiirrepaTypHUMii 

AaHHfalMII 


AKTMBMOCTk 

O&nyRCHMR 

nocne 

Aktmbh. 

Diccrpn. 

• 

kohuo 

JlyrtpaTypMw* 

04MHMC 

JaHHM* 

HOMCpCHHA 

r 

ncpsoro 

K3MCpCHH« 

(mmti/mmh.) 

oanyM. 
(mm  n/ 

MMM.) 

T,h 

E 

(MM) 

1 

7\/t 

£ 

(km) 

(10-  -CM*) 

4 ym 
(10— »•) 

Se-77m 

3842  ±96 

5400 

17,5  ceK. 

160 

18,1  ±1  ceK. 

160±  10 

9,5 

1,75 

Sr-87m 

191  ±5 

200 

2,8  m. 

390 

Z9±0,l  m. 

365-25 

0,85 

0,2 

y-89m 

96  ±20 

170 

16  ceK. 

910 

16.7±5  ceK. 

0,08 

0,02 

Rh-103m 

28-5 

31 

57  MMH. 

40 

58±2  MHH. 

20,5±0,5 

0,08 

0,01 

Ag-107m 

220  ±14 

250 

44  CEK. 

93 

45,8  ±0,6  ceK 

91  ±10 

0,8 

0,2 

Ag-109m 

39  CEK. 

88 

Hf-179m 

80±18 

155 

19  CCK. 

160; 

215 

19^2  ceK. 

1 

0,2 

Ir-191m 

90  ±20 

250 

4,9  c«. 

42; 

130 

5 ±2  ceK. 

5,6 

1 

Pt-195m 

90±9 

100 

3,5  a. 

31; 

100; 

130; 

3,5  ±0,2  a. 

32±3 
67,5  ±5 
96±5 
130±  10 

0,2 

0,04 

Au-I97m 

240 ± 16 

520 

7,2  ceK. 

130; 

277; 

407 

7,2±1  ceK. 

68:130: 
280  ±20 
390  ±20 

0,07 

0,01 

Hg-199m 

9,6  ±3,2 

42  MHH. 

1 

160; 

370 

0,005 

0,001 
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R.  S.  Hicks  and  B.  M.  Spicer 
Nucl.  Phys.  A159.  265  (1970) 


ELEM.  SYM.  A 


Sr 


38 


method 


PE^.  NO. 


i 

I 70  Hi  1 


egf 


REACTION 

RESULT 

EXCITATION 

ENERGY 

SOURCE 

detector 

ANGLE 

TYPE  RANGE 

TYPE  RANGE 

G,XN 

ABX 

10-27 

C 10-27 

BF3-I 

4PI 

Hi!.  I.  flic  [S r(y,  n>  2Srf-/,  2n)J  cross  section  obtained  by  ar • .fthc  yield  curve  using  three 

■ •del hung  ' .cond  difference  calculations.  The  resoiuti.  , ;'!icd  is  1.08  Me V. 
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CROW  UCrtON  (mb) 


Fig.  2.  The  [Sr(y,  n)-rSr(;,t  2n)J  cross  section  and  calculated  dipole  spectra.  The  points  portray  the 
result  obtained  by  0.72  MeV  second  dilTerenee  analysis  and  the  continuous  curve  is  obtained  hv  Cook 
least-structure  analysis,  for  which  the  resolution,  implicit  within  the  method,  is  indicated  by  the 
horizontal  bars.  Plain  vertical  bars  represent  the  predictions  of  •‘•c  dynamic  collective  model,  whilst 
the  hatched  bars  show  the  results  of  the  particle-hole  cuIcl!  -non  of  ref.  *).  Analogue  f>  states 
arising  from  the  latter  calculation  are  designated  A. 


1)B.  Goulard,  T.A.  Hughes,  S.  Fallieros, 
Phys.  Rev.  JJ6  (1968)1345. 
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A.  Lepretre,  H.  Beil,  R.  Bergere,  P.  Carlos  and  A.  Veyssiere 
Nucl.  Phys.  A175.  609  (1971) 
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METHOD 


REF.  NO. 

71  Le  1 


egf 


REACTION 

RESULT 

EXCITATION 

ENERGY 

SOURCE 

DETECTOR 

ANGLE 

TYPE  RANGE 

TYPE  RANGE 

G,N  37g- 

ABX 

11-27 

D 11-27 

MOD- 1 

4PI 

G,2N  3TH 

ABX 

19-27 

D 11-27 

MOD- 1 

4 PI 

PARTIAL  CAOSS  SECTION  OF  STA0NT1UN 


Tabu  1 

Lorentz  line  parameters  corresponding  to  fits  shown  in  fig.  6. 


Rb  Sr 

"Y 

»°Zr 

MNb 

a,  (mb) 
r,  (MeV) 
£.  (MeV) 

192  ±10  207  ±10 

4.1  ± 0.13  4.2  ± 0.1 

16.75 ± 0.05  16.7±  0.05 

225  ±10 
4.1  ± 0.1 
16.7  ± 0.05 

211  ±10 
4.0  ± 0.1 
1 6.65  ± 0.05 

:o2  ±io 

4.7  ± 0.2 
16.5±  0.05 

Tabu  3 

Integrated  cross  sections  (the  notation  used  is  defined  in  the  text) 


Rb 

Sr 

•*Y 

*°Zr 

”Nb 

<r„  (MeV  • b) 

1.14  ±0.06 

1.42  ±0.07 

1.36—0.07 

1.26  ±0.07 

1.33  ±0.07 

0.06  NZA-' 

0.91 5 ±0.05 

1.09  ±0.05 

1.04=0.05 

0.95  ±0.05 

0.97  ±0.05 

o.t  (mb) 

67  ±4 

80  ±5 

77  ±5 

71  5 

'»  -.5 

<j.i  (mb  • MeV-1) 

4±0.2 

4.6  ±0.2 

4.4  -0.2 

4 _0.2 

. 3 . 0.2 

Fm  (MeV) 

24 

27 

27 

26 

24 

U.S.  oepartmentof  commerce 
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total  photo  ng/thoh  cross. mctioms 


£ (H»V> 
I 


Fig.  6.  Total  photoncutron  cross  sections  o,  of  Rb.  Sr,  **Y,  **Zr  and  *’Nb  and  best  one  Lorentg 
line  fit  corresponding  to  parameters  given  in  table  I. 
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REF. 


R.F.  Barrett,  J.R.  Birkelund,  B.J.  Thomas,  K.S.  Lam,  and  H.H.  Thies 
Nucl.  Phys.  A210,  355  (1973) 
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METHOD 


REF.  NO. 


73  Ba  20 


REACTION 

RESULT 

EXCITATION 

ENERGY 

SOURCE 

OETECTOR 

ANGLE 

TYPE 

RANGE 

TYPE  RANGE 

G,N 

NOX 

THR-  27 

C 

10-  27 

BF3-I 

4PI 

• 

Fig.  15.  Ratio  oob,/ap  versus  atomic  number  A.  Here  <roPt  is  the  level  density  parameter  taken  from 
the  neutron  resonance  work  of  refs.  ■•*),  and  a„  is  the  level  density  parameter  derived  from  the 
present  (y,  n)  work.  Filled  circles  represent  points  where  nuclei  in  the  neutron  resonance  and  in  the 
(y,  n)  experiment  were  the  same.  Open  circles  represent  points  where  the  respective  nuclei  were 
approximately  matched.  Triangles  represent  points  which  are  based  on  measurement  of  neutron 
mean  energies  at  two  bremsstrahlung  energies  only. 
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i Table  3 

Comparison  of  experimental  and  theoretical  data  on  nuclear  level  densities  with  Fermi  gas 
formulae,  and  comparison  of  nuclear  level  density  parameters  from  (y,  n)  and  n-resonance 

absorption  experiments 

Target  N Goodness  £,(24)  T a , <j,„  o^Ja, 

(residual  offiP)  (MeV)* *)  (MeV)‘)  (MeV1)')  (MeV*1)') 

nucleus)  *)  no  with 


p.c.  p.c. 


TP) 

23 

8% 

1.93 

8.1-*7Ti 

6.41-*7Ti 

0.79 

24 

8% 

25 

73% 

26 

5% 

27 

5% 

V') 

27 

100% 

1.96 

8.7-50V 

6.35-’ ‘V 

0.73 

Cr 

23 

4% 

P 

G 

1.89 

8.6-51Cr 

6.9  -5,Cr 

0.80 

27 

84% 

1* 

10% 

29 

2% 

Mn 

29 

100% 

V.P. 

G 

2.1 

8.2-s*Mn 

7.82-s‘Mq 

0.94 

Fe 

27 

6% 

F 

G 

1.96 

8.0-5,Fe 

7.06-S5Fe 

0.88 

29 

92% 

30 

2% 

Co 

31 

100% 

P 

F 

2.12 

7.7-5,Co 

8.35-‘°Co 

1.08 

Ni 

29 

68% 

V.P. 

P 

2.04 

1.4 

6.5-*77Ni 

7.19-**Ni 

1.10 

(Z  - 28) 

31 

26% 

32 

1% 

33 

4% 

\ 

35 

1% 

• 

Cu 

33 

69% 

V.P. 

P 

1.78 

1.0 

9.8-*2Cu 

8.90-**Cu 

0.91 

35 

31% 

Zn 

33 

49% 

F 

F 

1.61 

10.5-‘-»*Zn 

10.0-**Zn 

0.95 

35 

28% 

36 

4% 

37 

19% 

As 

41 

100% 

V.P. 

F 

1.44 

I4.5-7‘As 

12.8l-T*As 

0.88 

Se  •) 

41 

9% 

1.39 

13.3-7,Se 

12.8  -7,Se 

097 

42 

8% 

- 

43 

24% 

45 

30% 

47 

9% 

Br 

; 43 

45% 

V.P. 

V.P. 

1.41 

14.5-7*Br 

12.69-*°Br 

0.88 

45 

49% 

Sr 

47 

10% 

F 

G 

1.31 

13.6-,7Sr 

11.4  -*TSr 

084 

48 

7% 

49 

83% 

*)  Neutron  numbers  and  abundances  of  respective  residual  nuclei  in  (y,  n)  experiments. 

*)  These  give  an  assessment  of  the  goodness  of  fit  of  a calculated  £.  versus  £0  curse  to  the 
observed  data,  using  the  Fermi  gas  level  density  formula  both  without  and  with  pairing  corrections. 

*)  Bremsstrahlung  photoneutron  mean  energies  £„  for  peak  bremsstrahlung  energy  £0  = 24  MeV. 

*)  Nuclear  temperature  from  fit  with  constant-temperature  formula. 

*)  Level  density  parameter  a,  derived  from  the  present  (y,  n)  experiment,  using  a Fermi  gas 
formula  plus  pairing  correction,  and  corresponding  residual  nucleus  (the  atomic  weight  shown  is 
the  weighted  average  of  atomic  weights  of  the  respective  isotopes  present). 

')  As  column  7,  but  using  data  on  n-resonance  absorption  from  refs.  u2). 

*)  Measurements  of  £,(£„)  for  these  nuclei  were  made  only  for  £0  = 21,  23  and  24  MeV. 
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A.  Jarund  and  B.  Forkman 
Z.  Physik  A281 , 39.  (1977) 


Sr 

reV. 

77  Ja  2 


T 


400-999  ACT- I 


38 

egf 

a.*.  Cl. 

4PI 


999=1  GEV' 


G,NA24 


e N E = - i 


ABY 


THR-999 


Fig.  1 a-j.  The  meas'c 
quanta  detected.  The 
been  recalculated  us: 


ion  ofbres:?s:reh’ar.5  end  energy-  The  error  bars  give  the  statistical-errors  ir.  the  numbers  of  y- 
*o  the  vic’d  point?  v.;:h  the  least- squares  ttt.thcl  Tr-.ev  ieid  from  Cu  t Fig.  lai  is  measured  in  [l]  and  has 

V - L'.  J 


I The  mean  cross  section  in  the  energy  range  400  to  1000  MeV 
eu  - . - .-e  the  yields  of  F.gure  l in  this  work  and  of  Figures  1 to 
r e m*  is  giver  r.  nrs  in  some  points 


c ■ 


20  SO  100  ISO  200  2 VO 

Torqat  mas*  numstr  Ay 


Fig.  4.  Mean  cross  sections  of  the  present  work  and  of  [1]  (•) 
compared  with  the  cross  sections  in  proton  irradiations:  + 400  MeV 
from  [4],  o 700  MeV  from  [16]  and  an  extrapolated  value  from  [17]. 
v 3GeV  from  [18] 
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R 
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Ref.  No. 


Method  2k  MeV  Betatron;  250r  Victoreen  in  3»T5  Lucite;  neutron  detector 


56  Ye  2 


EGF 


Reaction 


E or  AE 


<7d  E 


J it 


Notes 


73 

J =0.92  MeV-b 
0 


Sr86(y,xn) 


Bremss. 

2k 


15.9 


5 . OMeV 


Taucf.  III.  Parameters  of  giant-resonance  cross-section  curves 
for  reactions  in  nuclei  near  50  neutrons.  Nuclides 
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Fro.  2.  Cross  sections  tor  the  (y,n)  reactions  in  strontium 
isotopes.  Full  curve  Sr**,  short  dashes  Sr*1,  long  dashes  Sr**.  The 
single  and  double  slash  marts  on  each  curve  represent  the  locations 
of  the  (y ,pn)  and  ( y,2n ) thresholds,  respectively.  TTie  units  of 
the  ordinate  *»*  VO  ■*»  cm1. 
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Fig.  2.  The  yield  curve  for  the  ( y,p ) reaction 
with  20  MeV  bremsstrahlung. 
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A photoexcitation  process  by  gamma  rays  from  a 60Co  source  has  been  studied 
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Fig.  3.  Inelastic  angular  distributions  (observed  cross  section 
divided  by  Feshback  point-charge  cross  sections).  The  results  of 
Hahn  d aL  (reference  8)  for  Ca  and  of  Fregeau  and  Hof  stacker 
(reference  11)  are  included  for  comparison. 


Fig.  7.  Inelastic  “universal  curves."  A composite  plot  of 
inelastic  data  from  Mg,  Si,  S,  Ca,  and  Sr  against  7.-I*.  The  various 
form  factors  are  arbitrarily  normalized  to  minimize  the  spread  of 
points.  The  point  from  sulfur  and  the  point  from  silicon  which 
seem  to  deviate  from  the  “universal  curve”  are  assumed  to  contain 
undetected  experimental  errors.  The  curves  lalieled  Mg(£2), 
Sr(£2),  Ca(£3),  and  Sr(£3)  are  calculated  for  electric-quadrupole 
and-octupole  transitions  using  the  “smeared  4-function”  transition 
charge  densities  of  Sec.  V,  and  are  arbitrarily  normalized. 


Fig.  6.  Comparison  of  typical  experimental  and  calculated 
squared  inelastic  form  factors.  Both  the  Sr  (1.85  Mev)  and  Mg 
(1J7  Mev)  are  known  to  be  24-  levels.  The  calculated  curves 
are  for  a “smeared  4-function”  transition  charge  density  (see 
Sec.  V)  with  values  of  R/g  taken  from  the  elastic  results.  The 
abscissae  for  the  experimental  data  are  scaled  by  values  of  R 
taken  from  the  elastic  results  [Table  III  (a)].  Shown  for  compari- 
son (upper  curve)  is  a squared  form  factor  calculated  from  a 
quadnipole  transition  charge  density  whose  radial  dependence  is 
constant  for  r<R,  zero  for  r> R.  This  would  give  a poorer  lit  to 
the  data  than  the  4-function  distribution,  indicating  that  the 
quadrupole  vibrational  mode  is  approximated  better  by  a trans- 
verse wave  in  an  incompressible  nuclear  fluid  than  by  some  sort 
of  a compressions!  body  wave. 
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Table  I.  Experimentally  determined  values  of  the  reduced 
nuclear  radiative  transition  probabilities  B(EL)  for  the  excita- 
tion of  a nucleus  to  a level  at  energy  £ • above  its  ground  state 
by  a transition  of  electric  character  and  multipolarity  L,  in 
units  of  **  F11,  where  1 F — 10-1*  cm.  The  last  column  gives 
B(EL)  in  single-particle  Weisakopf  units  according  to  Eq.  (4). 


£* 

L 

B(E0— * L) 

a 

(W.u.) 

1.84 

2 

Sr" 

990±50 

8.5 

2.74 

3 

80  600 ±3000 

25.0 

4.0 
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190±40 

1.6 

6.5 

(2) 

130±30 

1.1 

(3) 

13000^3000 

4.0 

1.50 

2 
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1.0 

1.73 

2 

140±40 

1.2 

2.21 

3 

33  700±3000 

10.2 

2.52 

3 

37  800±30t0 

11.4 

2.86 

3 

32  30Q±3000 

9.8 

Fio.  5.  Distorted-wave  inelastic  cross  section  in  units  of  the 
Mott  cross  section  versus  momentum  transferred  to  the  Sr" 
nucleus  for  the  electric  quadrupole  excitation  at  1.84  MeV  and 
•vi  j.tnc  «‘upo*e  excitation  at  2.74  MeV.  An  incompres- 
sible  and  irrotationai  hydrodynamics!  model  was  assumed. 
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FIG.  1.  Cross  section  of  wSr(y,p0).  The  vertical 
lines  show  the  theoretical  radiative  widths  of  IAS  from 
Ref.  S. 


Assumption  is  made  that  photoproton 
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Fig.  1.  Energy  distributions  of  photoprotons . 

Vertical  broken  lines  and  solid  lines 
indicate  the  position  of  pQ  corres- 
ponding to  the  ground  IAS  and  electric 
dipole  IAS  ( 2-\  ) respectively. 
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Fig.  4.  Absolute  yield  for  ,*Sr(y,  jr*)'*Rb. 
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Fig.  7 (a):  Shell  model  diagram  of  * °Zr  and  99Sr. 

(b)  : Energy  distributions  of  90Zr(e,e'p). 

(c) :  Energy  distributions  obtained  from  difference 

method.  Residual  states  for  16.2  MeV  IAR  are 
shown  by  arrows. 

(d) :  Energy  distributions  obtained  from  difference 

method  for  ®*Sr.  Residual  states  for  17.2  MeV 
IAR  are  shown  by  arrows. 


Fig.  11  The  (y,p)  cross  sections  of 
9 8Sr  and  11,2Nd.  The  (y,p0) 
and  ( Y,n ) cross  sections  are 
also  shown. 
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ELASTIC  SCATTERING  CROSS  SECTION 


FIG.  1.  The  elastic  scattering  cross  section  of  mono- 
chromatic photons  on  nSr.  The  different  symbols  rep- 
resent four  sets  of  experimental  data. 


INELASTIC  SCATTERING  CROSS  SECTION 
FOR  THE  FIRST  EXClTEO  STATE 


FIG.  2.  The  Inelastic  scattering  cross  section  for  the 
first  excited  state  of  8,Sr.  The  different  symbols  repre- 
sent three  sets  of  our  experimental  data. 


ESTIMATED  total  PHOTON  INTERACTION  CROSS  SECTION 


FIG.  3.  The  total  photon-interaction  cross  section 
estimated  from  four  sets  of  elastic  scattering  data.  The 
dashed  curve  Is  an  extrapolation  of  the  (y.n)  cross  sec- 
tion of  Sr  measured  by  Lepetre  etal.  (Ref.  2)  The  soi- 
ls curve  Is  an  extrapolation  of  the  88Sr(y,N)  cross  section 
of  Spicer  etal.  (Ref.  1).  Both  of  these  curves  were  drawn 
with  the  assumption  that  the  giant  dipole  resonance  can 
be  represented  by  a Lorentz  resonance  function.  The 
levels  predicted  by  Goulard,  Hughes,  and  Fallieros 
(Ref.  4)  are  shown  by  vertical  bars  with  values  of  the 
predicted  ground-state  radiative  widths  In  eV. 
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TABLE  m.  Electron  scattering  form  factors  for  ,8Sr. 
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TABLE  V.  Reduced  transition  probabilities  (BtEL)t). 
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Table  5 

The  radiative  width  of  the  narrow  El  IAR  obtained  from  the  proton  group  in  the  proton  spectra 
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(MeV) 

(MeV) 

EuW)  r 
(MeV)  1 r 

T,<  *) 
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rr'>  2(7+1) 
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data  r7 
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o <*-> 
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> 30  •) 
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'the  available  data  with  the  (p, y0)  experiment  are  shown  in  the  last  column. 

*)  The  errors  may  be  as  30%  (for  *°Zr,  **Sr)  and  x 50%  (for  **Y)  including  the  uncertainty 
of  the  process  to  separate  the  proton  group. 

•)  r,Jl"  — 1 was  assumed.  * 

*)  (r„0  ■+■  /’„)//’  =■  I was  assumed. 

*)  J*  =■  i*  was  assigned  as  shown  in  table  3. 

*)  V*  =»  }*■  was  assigned  as  shown  in  table  3. 

')  Correction  was  made  for  the  spectroscopic  factors  on  the  ground  state  and  the  excited  state 
with  the  data  of  the  (He1,  d)  and  (d,  p)  reactions  respectively. 
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Fig.  13.  Comparison  of  photoproton  crow  sections  of  **Sr.  (a)  Present  result,  (b)  Ref.  3;.  (c),  (d) 
Theoretical  estimates,  refs.  “• ,J)  respectively. 
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Fit.  16.  Angular  distributions  or  proton  groups  indicated  by  hatching  in  the  proton  spectrum  which 
is  summed  over  various  angles.  The  result  for  group  B is  compared  with  that  of  the  £,  =•  7.9  McV 

group  of  90Zr  (dashed  line). 
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TABLE  L Comparison  of  the  angular  distribution 
results  with  theoretical  predictions.  


N*<98‘) 

N„(127*) 

3487  1* 
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0.75 

THEORY 

Spin  2 (0-2-0) 
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El  virtual  photon  spectrum  used  to  obtain  (y,p)  cross  sections. 


Fig.  3.  Differentially,  p)  cross  sections  at  0 = 90"  analysed  from  (e,  e'p)  cross  sections  by  the  least 

structure  method. 


F.g.  5 Upper  figure:  open  circles,  a(y,  p);  closed  circles,  o(y,  n)  [ref.  »•)];  closed  poinls,  a(y,  p0) 
[ret.  )J;  solid  line,  Lorentz  line  fit  to  the  T<  region  of  a(y,  n)  [ref.  * •)];  dotted  line,  Lorentz  line 
fit  to  the  r<  region  of  <x(y,  p)  with  r,  and  £,  equal  to  those  of  a(y,  n).  Lower  figure:  ratio  between 
cross  sections.  Dotted  line:  constant  for  a(y,  p)/a(y,  n)  determined  around  T<  GDR. 


Fig.  4.  Angular  distributions  of  protons  from  the  (e.  e'p)  reaction.  The  bombarding  energies  are 
21.5,  22  and  20  MeV  for  s,Sr,  laZr  and  92 Mo  respectively.  The  best  fit  curves  obtained  with  eq.  (7) 
. are  also  shown. 
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Tabu  2 


The  parameters  of  the  angular  distributions  determined  by  the  least-squares  fits  with 
do/di?  * /4[l-t-5sin2fl(l—  p-jsQ)] 


••Sr 

*°Zr 

MMo 

■£»  (MeV) 

21.5 

22 

20 

A •) 

1 

2.04 

6.67 

B 

0.59 

0.69 

0.057 

9 

0.59 

0.47 

2.3 

*)  Relative  value. 
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sured  <r(96‘)  and  deduced  r (1.835). 


.0  sr£,  S2.C3.  MeV;  mea- 
Natural  target. 


1=1.836  MeV 


TABLE  II.  Summary  of  experimental  values  for  the 
.vidth  of  the  1.836-MeV  2*  level  in  8:>Sr. 


Method 

Ref. 

1.836  (meV) 

(y.y),  33Rb  source 

6 

4.3±  1.0 

Coulomb  excitation 

7 

6.7±3.0 

Coulomb  excitation 

9 

3.8  ±0.5 

(e.e') 

5 

4.7  ±0.3 

(ey) 

8 

3.33  ±0.17 

(e , e ') 

10 

2.76±  0.08 

(y  ,y) , bremsstr  alilung 
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REACTION 

RESULT 
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ENERGY 

SOURCE 

OETECTOR 

ANGLE 

TVPC  RAN6I 

TYPE  RANGE 

G ,G 

LFT 

6-8 

C 14 

SCD-D 

DST 

Abstract:  The  resonant  scattering  of  bremsstrahlung  y-rays  by  a SrC03  target  has  been  studied  for  -/-ray  BML  , SIX  SPIN  1 STATES 
energies  of  5-1 1 MeV.  Si*  '/-transitions  of  energies  between  6-8  MeV,  which  indicate  six  resonant 
states  in  "Sr.  were  observed.  The  relative  intensities  of  the  resonantly  scattered  y-rays  at  125  and 
150s  were  found  to  be  compatible  only  with  the  assignment  of  spin  I to  the  six  states.  Radiative 
widths  of  the  resonant  states  were  deduced.  The  possibility  that  these  states  are  components  of 
the  giant  Ml  resonance  in  "Sr  is  discussed. 


NUCLEAR  REACTIONS  "Sr(y.  y),  £ » 14  MeV  bremsstrahlung;  measured  £,,  /T(0). 
"Sr  deduced  levels.  J.  f7.  Natural  targets. 


Table  2 


Summary  of  the  experimental  results 


Level  energy 
(MeV) 

R 

J 

r*) 

(eV) 

£(MI;  1*  - 0*)») 
(pi) 

Co') 

(eV) 

6.215 

1.45  ±0  29 

1 

1.81  +0.22 

0.65 

3.0  + 04 

6.335 

1.37  + 0.20 

1 

2.83  + 0.29 

0.96 

4.5  ±0.6 

7.091 

1.39  + 0.19 

1 

4.14  + 045 

1.00 

7.537 

1.18+0.42 

1 

1.31  +0.27 

0.26 

7.841 

1.50  + 041 

1 

2.53  r 045 

0.45 

8.047 

1.34  + 0.47 

1 

3.76x0.77 

0.62 

*)  Deduced  on  the  assumption  of  MX)  *„  ground-stale  decay. 
*)  Deduced  on  the  assumption  of  positive  pantv. 

‘)  Ref.  '). 
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Abstract.  The  unknown  parities  of  five 
strong  dipole  states  between  6 and  8 MeV 
in  a8Sr  are  shown  to  be  negative. 


POL  INCOMING  PHOTONS 


ENERGY  (MeV) 

Fig.  1 . Observed  asymmetries  for  five 
ground  state  dipole  transitions  in  88sr 
and  for  the  2+  transition  at  6917  keV  in 
160.  The  energies  for  the  88Sr  states 
were  taken  from  /2/.  The  hatched  band 
represents  the  expected  asymmetry  for 
states  with  positive  parity  (upper  part) 
and  negative  parity  (lower  part) 
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Abstract:  Gamma-ray  tpectra  from  neutron  capture  in  natural  samples  of  strontium  and  yttrium  have 
been  recorded  at  various  angles  with  respect  to  the  direction  of  the  incident  neutron  flu*.  Angular 
yields  have  been  observed  at  six  neutron  energies  in  the  range  7 to  1 1 MeV  using  time-of-flight 
techniques  to  improve  the  signal-to-background  ratio.  The  ; -radiation  was  detected  by  a large 
Nal(Tl)  crystal  placed  in  a heavy  radiation  shield.  Certain  combinations  of  Legendre  polynomial 
coefficients  were  extracted  for  transitions  to  low-lying  single-particle  states  (2d,  , and  3s,  .)  in  the 
final  nuclei.  The  energy  dependence  of  the  angular  distribution  coefficients  indicates  interference 
between  the  electric  dipole  amplitude  and  amplitudes  of  opposite  parity.  The  results  are  compared 
with  theoretical  calculations  based  on  the  direct-scmidirect  model. 
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Fig  2 Angular  distribution  coefficients.:/,  and  versus  neutron  energy  for  the  reactions  ”Sr(n. 

(open  circles)  and  '“Yin.  y0  + 7,),oY  (crosses).  Th'e  curves  for  the  .V,  coefficient  represent  the  results  of 
theoretical  calculations  for  El  transitions  to  the  2d,  2 state  in  ,QSr  from  the  direct  (solid  line)  and  DSD 

(dashed  line)  capture  models. 
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Fig.  3.  Angular  distribution  coefficients  V,  ar..J  v\  versus  neutron  energy  for  ; -rays  to  the  3s,  2 states 
from  the  reactions  s'Sr(n.  /j’^Sr  (open  circlesi  and  ,'>V(n.  v)*°Y  (crosses).  The  theoretical  result  for 
DSD  model  calculations  are  shown  as  dashed  curve  for  pure  El  transitions  and  as  solid  curves  assuming 
El  and  E2  transitions  associated  with  eollcctive  excitation  of  the  CjDR  and  the  isosclar  GQR. 
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Y 

A=£9 


yttcilh 

Z=39 


"The  rare  earths  perplex  us  in  our  researches , 
baffle  us  in  our  speculations,  and  haunt  us  in  our 
very  dreams . They  stretch  like  an  unknown  sea 
before  us,  mocking,  mystifying , and  murmuring 
3trange  revelations  and  possibilities ." (1) 


Yttrium  was  discovered  in  1794  by  the  Scandinavian  { 

chemist  Johan  Gadolin  (1760-1852)  and  was  named  £=gg 

after  the  small  town  of  Ytterby,  Sweden  where  the 

ore  was  found.  It  always  occurs  with  the  other 

rare  earth  elements  and  is  very  similiar  to  them 

in  both  chemical  and  metalurgical  respects.  In 

1843  Carl  Gustav  Mosander  (1797-1858)  showed  that 

yttria  from  wnicn  all  the  ceria,  lanthana,  and 

didymia  had  been  removed  contains  at  least  three 

other  rare  earths.  These  are:  a colorless  oxide, 

for  which  he  kept  the  name  yttria;  a yellow  earth 

erbia,  and  a rose  colored  ore,  terbia.  These  were 

all  seperated  by  fractional  precipitation  with 

ammonium  hydroxide. 


(1)  Quotation  from  Sir  William  Crookes. 


— 


— 


' 


' 

V 


* 


■ 


Ref.  p.F.  Yergin,  B.P.  Fabricand 
Phys.  Rev.  104,  133^  (1956) 


Elem.  Sym. 


89 


59 


Ref.  No. 

56  Ye  2 


Method 


2^  MeV  betatron;  250  r Victoreen  in  3»75  cm  Lucite;  neutron  detector 


EGF 


Reaction 
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Notes 
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Fig.  1.  Cross  section  for  the  (y,n)  reaction  in  V",  calculated 
from  the  yield  data,  at  an  intermediate  stage  of  the  smoothing 
process  (sec  text).  The  vertical  lines  through  the  calculated  points 
show  the  rms'unccrtainty  in  the  cross-section  values,  produced 
by  the  statistical  uncertainty  of  the  recorded  counts  of  the  raw 
yield  data.  Other  sources  of  errors,  and  the  partial  smoothing 
already  done  have  been  ignored  in  calculating  these  uncertainties. 
The  arrows  along  the  abscissa  indicate  the  thresholds  for  emission 
of  the  particles  indicated  by  the  labels  therewith.  The  units  of  the 
ordinate  are  10-27  cm2. 


Taulg  [IT.  Parameters  of  giant-rcsonance  cross-section  curves 
for  (y,n)  reactions  in  nuclei  near  50  neutrons.  Nuclides  -,jAs:i, 
„Nb51,  and  «Rh“*  from  reference  4,  .oZr-  and  ,oZrJl  from  reference 
5 recomputed  in  present  work.  Neutron  number  is  shown  in 
column  2.  location  of  peak  cross-section  value  in  column  5.  pea* 
cross-section  value  in  column  4,  naif-height  width  of  curve  in 
column  5,  and  area  under  curve  from  threshold  to  23  Mcv  in 
column  6. 


Nuclide 

»Y 

r. , 

(Mev) 

(milUbams) 

r 

(Mev) 

fs'atiE 

(Mcv-oami) 

jiAs71 

42 

17.3 

90.3 

9.0 

o.so 

aSr“ 

4S 

15.9 

160 

5.0 

0.92 

i»Sr*7 

49 

15.8 

146 

5.3 

1.00 

:,Sr2* 

SO 

16.3 

201 

4.0 

1 .03 

i»Y“ 

50 

16.3 

191 

3.8 

0.s7 

,oZr“ 

50 

15.S 

199 

4.3 

0.93 

.oZr21 

51 

16.5 

200 

5.0 

AoZr2* 

52 

16.9 

193 

0.3 

1.24 

«,NbM 

52 

17.0 

195 

6.3 

1.46 

..Rh1" 

58 

16.5 

205 

8.9 

1.94 
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TABLE  I 


THRESHOLD 


Measured  photoneutron  thresholds 


Reaction 

Measured 
Q value,  Mev. 

Ocher  Q values, 
Mcv. 

Method 

Reference 

Y**(v.  »)Y“ 

11.82=0.05 

11.76  ±0.15 
11.80  ±0.33 

! Mass  data 
\ Q+  value 
Mass  data 

Duckworth  (unpublished) 
Way  et  ai.  (1055) 

Wapstra  (1055) 
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Nb®3 

Rh103 
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In.  Mm 

Btn,  M»4 

11.16 

20.5 

10.14 

19.2 

10.44 

18.6 

10.24 

18.1 

11.82 

20.7 

3,86 

17.1 

9.46 

16.8 

9.14 

16.2 

9.11 

16.5 

Maoron 

.Bn,  Mm 

LUO 

8.81 

prm 

9.46 

TbliS 

8.16 

Ho145 
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T m 
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Lu:74 

7.77 
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7,66 
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7,96 

Di»» 

7.43 

B„,  Mm 


16.1 
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14.5 

14.6 

14.7 

14.2 

13.5 
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THRESHOLDS 
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0.33 
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Mq» 

20.2 

0.060 

7.0 

0.39 

2.01 

Co4® 

18,3  i . 
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6.3 

0.44 

2,30 ; 

As7* 

16.4  - 1 

0,090 

9.5 

0.74 

4.25 

Y8# 

17.1  1 

0,172 

5.2 

0.93 

; ,5.33 

Nb®3 

18.0 

' 0,156  ‘ 

7.5 

1.17 

6.80 

Rh103 

17,5 

0.160 

9.4 

1.40  • 

8,28 

jm 

15.2 

0.273 

6.S 

1.76 

11.9 

Cs*33 

16,5 

0.238 
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1.59 

10,7 
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1.55 

11.2 

Pr>« 
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0.320 

4.9 

1.93 

13.1 

Tb14® 
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18.1 
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13.5 
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8.9 
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14.9 
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0.225 

8.4 

1.90 
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3.15 

. 22.0 

Au1®7 

13,8  ‘ ! 
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2,89 
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Fio.  2.  Cross  section  as  a function  of  energy  for  formation  of  the 
isomeric  state  of  Y“. 
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iTHOD 


Betatron;  neutron  threshold;  ion  chamber 


REF.  NO. 

60  Ge  3 


NVB 


reaction 

RESULT 

excitation 

ENERGY 

SOURCE 

DETECTOR 

ANGLE 

TYPC  PANGS 

TYPl  PANGS 

G,N 

N0X 

THR 

C THR 

BF3-I 

4 PI 

THRESHOLD 


Tab  LX  L Summary  and  comparison  of  neutron  separation  energies  inferred  from  present  threshold  measurements  with  values  predicted 
from  mass  data  and  reaction  energies.  All  energies  arc  expressed  in  the  center -of-mass  system  in  Mev. 


UntCliiMI 


Nu.  runs 


Present  results 


Other  results 


Method 


V-(7^)Y“ 


$11.59  ±0.08 


11.53  ±0.40 
11.82  ±0.05 


mass  data 

eon 

threshold 


Reference 


m 

n 

f 


- Henry  E.  Duckworth.  M«r  (^Mta  University  P«~.  New  York.  1958).  P-  177. 

• L.  J.  Lidofsky.  Reve.  Modern  Phvs.  29.  773  <19571. 


Reaction 


Cra(r^i)Cr“ 

7/2 

V*(t,R)Y“ 

7/2 

In'u(y,»)InIM 

7/2 

Cc'“(yp»)Ce«* 

(7/2  y 

Nd"*(y,»)Nd“* 

7/2 

Sm1B(y^»)Smia 

7/2 

Fr“,(y^)Er‘“ 

7/2 

!IP"(y,».)HPT* 

7/2 

HP'Vy.i.lHP7* 

9/2 

Ui",(7,>i)HP" 

9/2 

Observed  threshold  Mass  dau  Q value  £»-Q  Eldted  state  ^ 


12.18±0.14 
11.59±0.08 
9.22±0.03 
7.24±0  07 
6.38±0.16 
6.45±0.16 
6.65  ±0.08 
6.69±0.Q3 
6.31  ±0.07 
7.85±0.U 


12.053±0.004* 
11.53  ±0.40* 
9.35  ±0.43* 

6.97  ±0.07' 

5.97  ±0.19' 
5.87  ±0.28' 
6.45  ±0.06* 
6.28  ±0.06* 
6.17  ±0.06* 
7.32  ±0.06* 


0.13±0.14 
0.06±0.41 
— 0.13±0.43 
0.27±0.10 
0.41  ±0.25 
0J8±0.33 
0.20±0.10 
0.64±0.07 
0.14±0.09 
0.53±0.13 


0.387-* 

0.191* 

0.690* 

0.562* 

0.081* 

0.088* 

0.093* 

0.375* 


• 0.  5iromin*er.  J.  M.  Hollander,  and  G.  T.  Seabore  Revi  Unri. m ...  1 — 

■C.F.  Cicje  and  J.  L.  Benron,  Phy,.  Rev.  llTm  (1958)  ? ' 5U  (l958)- 

II.  Johnaon.  Jr..  and  A.  O.  Nier.  Phy«.  Rev.  105.  1014  (1957)  0>  since  tf>*  •!»«  of  Ce‘u  u known  to  be  7/2. 

• IV.  II.  Johnson.  Jr.,  and  V.  B.  Bhanot.  Phya.  Rev.  io7,  6 (1957).' 
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METHOD 


Betatron;  fast  neutron  yield,  angular  distribution;  Si  threshold 
detector;  ion  chamber 


. s,  • ».  * 
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per  no. 

6l  Ba 


39 


NVB 


REACTION 

RESULT 

EXCITATION 

ENERGY 

SOURCE 

DETECTOR 

ANGLE 

TYPE  :UNS( 

G.XN 

ABY 

THR-22 

C 22 

THR-I  5-+ 

DST 

i 

Jntabic  k: 


era  average  cross  section,  or  detector 
weighted  with  neutron  spectrum 

Q s*  neutrons/1.  CO  roentgen  .'mole 


W(9)  & a V [1  4-  A P (cos  i3}] 
' 7 o /,  k p.  a ' 7 

n=l 


TABLE  IV 


I 

Element 

II 

Oft 

Id 

IV 

«* 

V 

(ff*)X10»* 

VI 

<Km>i(22  Mev)X10’ 

vM 

Vanadium 

245 1 

CldbC.OS) 

0.'jlsi*.08 

“0.00±0.10 

0.05 

0.21 

0 

Chromium 

1G4I 

(1±0.G3) 

0.0*1  ±0.04 

-0.05=0.05 

4.00 

0.17 

0 *0 

Manganese 

3081 

(1±0.G2) 

0.0? ±0  03 

-0. 09  ±0. 

7.61 

0.25 

< 

Iron 

2001 

(1±0.03) 

:>.C5±0  04 

— 0.17=0. 25 

4.9? 

0.18 

0 u 

Cobalt 

390(1  ±0.02) 

3.08±0  03 

— : 22=0.04 

9 . «>3 

0.26 

0 .’5 

Nickel 

1451 

ri±o.o5) 

<j . 0"  =0 . 07 

-0.23  ±0.09 

5 5£ 

0.12 

G 12 

Copper 

3471 

1±0.02) 

0.05  ±0.03 

-0.29  ±0.04 

d.Jl 

0.30 

0.12 

Arsenic 

4821 

1±0.03) 

0.il±9.04 

-).24±i'.05 

11.91 

0.33- 

0 15 

Rubidium 

6381 

(1±0.05) 

0. 13  ±0.00 

-0.14  ±0.08 

15.76 

Strontium 

4091 

fl±0.05) 

O.iCr.-Q  O'- 

-0.17=0.08 

10.10 

Yttrium 

2901 

[1±0.10) 

0.0S±0  12 

-C*.  12  ±0.15 

7.16 

Silver 

5901 

[1±0.04) 

0 10±0.C!i 

— 0.22=u  .08 

14.57 

0.S7 

0 07 

Cadmiu.n 

9051 

[1  ±0.02) 

0.02  ±0.02 

-0.26=0.03 

22.35 

Iodine 

11331 

!l±0.03) 

0.04=0.04 

-0.29=0.05 

27.99 

1.42 

0 US 

3 znurri 

10481 

!i±0.04) 

0.10±0.06 

— 0.3S±0.0S 

25 . 89 

injitlastOR. 

1505  < 

1±0.02) 

0.02  ±0.03 

-0.  -2 ±0.04 

39.40 

1.04 

0 15 

Cerium 

1316  < 

;i±o.o») 

0.C5±0.0G 

—0.30=0. OS 

32.50 

l/vspiecnrm 

*652  < 

1±0.0S) 

0.04±0. 10 

-0. 3-;  ±0.13 

40.80 

ihatalurn. 

1558 

!l  ±0.012) 

0.04±0.03 

—3.22=0.04 

38.48 

2.50 

q.GG 

TiifWi*»  ij 

1365 

|l±0.02) 

0.07  ±0.03 

-0.24=0  04 

33.71 

1345  < 

1 ±0.02) 

0.04  ±0.03 

-0  31±G.04 

33.22 

Le*4 

2274  ( 

!i±o.oi) 

0.02  ±0.02 

-0.42  ±0.03 

56.17 

2.72 

C 03 

Bismuth 

2162 

1±0.02) 

0.05  ±0.03 

—0.  *15  ±0.04 

53.40 

3.36 

0J)G 

Thermm 

3031 

i±O.04) 

0.00±0.05 

-0.32=0.07 

74.87 

Uranium 

4630  ( 

1±0.02) 

0.05  ±0.03 

-0.17=0.04 

114.36 

•(*♦)  - 2.47 X 10*  «•  mOHbcra-ncutron-  Errors  arc  ataodard  errors  due  to  countins  statistics  onl~ 
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M.-:hou  ^ MeV  betatron;  synchrotron;  Si^°(n,  p) Al^S  activity;  Cu^3(y,  n)Cu°^ 
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Ref.  No. 

62  Re  1 


EGF 


Reaction 


AE 


adE 


J rr 


Notes 


Y89(Y,n) 


Bremss. 

55 


Figure  11:  Dotted  curve  is  of  form 

2 2 

a + a..cos0  + a.cos  9 + a^cos  9 - 

0 1 2 2 

2 

a.cos  9;  solid  curve  is  of  form  a + 

1 o 

2 

a^cos9  + a^cos  9;  errors  on  points 

are  statistical  errors  in  counting 
only. 


Table  2 

Parameters  of  the  fit  (1)  for  the  expressions  a0  — at  cos  0-i-a,  cos:0,  aid  sin:0  — c cos  d and 

At-rAx  P \JrAtP , 


Bi(l) 

Bi(2) 

Pr 

Au 

Y 

Ho 

La 

«l 

1.00i0.02 

1.00^0.02 

1.00^0.02 

1.00i0.02 

1.00  = 0.03 

1.00i0.02 

1.00  = 0.01 

«h 

0.15  — 0.03 

0.1Si0.04 

0.17  — 0.04 

0.14^0.03 

0.17  = 0.06 

0.12  = 0.03 

0.14-0.03 

0.47O.0.0S 

0.40O.0.08 

0.4l  = 0.00 

0.21  — 0.07 

0.15^0.11 

0.34  = 0.06 

0.39-0.06 

-V> 

0.18±0.04 

0.21^0.05 

0.20  = 0.05 

0.15; 

r 0.04 

0.18  = 0.00i 

0.14  = 0.04 

o.Ui  = 0.U3 

—V) 

0.37  ±0.05 

0.31  = 0.06 

0.32  = 0.07 

0.15: 

-0.05 

0.11=0.08 

. 0.20  = 0.05 

0.30  = 0.04 

a 

0.53  — 0.06 

0.60=0.08 

0.50  = 0.09 

0.79  = 0.07 

0.85  = 0.11 

0.66i0.06 

0.01  —0.06 

b 

0.47i0.06 

0.40  — 0.08 

0.41=0.09 

0.21=0.07 

0.15  = 0.11 

0.34  = 0.06 

0.39  = 0.06 

c 

0.15=0.03 

0.18^0.04 

0.17  = 0.04 

0.14: 

= 0.03 

0.17  = 0.06 

0.12  = 0.03 

0.14  = 0.03 

•)  Renormalized  so  that  A,  = 1 

Table  4 

Parameters  of 

the  lit  (3) 

for  the  expressions  a„  — 

a2  cos  0-r a. 

COS  :d—dz  cos  i0, 

t-WiPf. 

a2p: 

-A2P3 

3i(l) 

Bi(2) 

Pr 

Au 

Y 

Ho 

La 

a. 

i. m -U.02 

l.uo  = u.02 

l.ui  -o.u3 

0.98 

= 0.02 

1.00=0.03 

1.00  = 0.02 

1.01=0.02 

<*t 

0.19  = 0.05 

0.17  = 0.07 

0.21=0.07 

0.07 

= 0.00 

O.lli  — O.uO 

O.12  = 0.o5 

0.17  = 0.o5 

—<*i 

0.56  = 0.11 

0.37=0.15 

0.30  = 0.16 

0.05 

= 0.12 

0.13  = 0.20 

0.33=0.12 

0.47=0.11 

“a 

-O.lT-u.lS 

0. 03  = 0.24 

-0.17  = 0.25 

0.31 

= 0.19 

0.05  = 0.32 

0.03  = 0.19  - 

•0.17  = 0.17 

•It*] 

0.11=0.15 

0.23  = 0.  IS 

0.13  = 0.20 

0.27 

= 0.13 

0.20  = 0.22, 

0. 15  = 0. 14 

0.09  = 0.13 

0.45 -0.o0 

0.28  — 0.11 

0.39  = 0.12 

0.03 

= 0.08 

0.09  = 0.14 

0.24  = 0.09 

0.37=0.09 

1 — 0.03=0  u9 

0.02-0.11 

-0.08  = 0.12 

0.13 

= 0.03 

O.02  = 0.13f  0.01  =0.08  - 

■0.08  = 0.08 

•)  Renormalized  so  that  A0  = 1 
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NVB 


REACTION 

RESULT 

EXCITATION 

SOURCE 

detector 

ENERGY 

TVP*  RANGE 

Typ*  nance 

ANCLE 

G,G/ 

RLY 

1 

C5 

ACT- 1 

UPI 

(0.92) 

— - — 

Table  II.  The  isomers  observed 


Isomer 

Observed  value 

Referenced  value111111 

Half-life 

Energy  (MeV) 

Half-life 

Energy  cMeV) 

Se-77m 

17.5  sec 

0.160 

17.5 

sec 

0.161 

Br-79m 

4.30  sec 

0.209 

4.8 

sec 

0.208 

Sr-87m 

2.3  hr 

0.390 

2.8 

hr 

0.3S8 

Y-39m 

15.0  sec 

0.920 

14 

sec 

0.915 

Rh-103m 

53  min 

• 

57 

rain 

0.040 

Ag-107m 

\ 

\ 

44 

sec 

0.094 

Ag-109m 

42  sec 

> 0.95 

40 

sec 

0.088 

Cd-lllro 

47  min 

0.150.0.255 

49 

rain 

0.150,0.247 

ln-115m 

4.5  hr 

0.335 

•4.5 

hr 

0.335 

Sn-I17m 

17  day 

0.160 

14 

day 

0.159.0.161 

Ba-137m 

2.6  min 

0.660 

2.6 

rain 

0.662 

Er-167m 

2;  10  sec 

0.209 

2.5 

sec 

0.208 

Hf-179m 

18.5  sec 

0.157.0.215 

19 

sec 

0.161,0.217 

W-183m 

5.4  sec 

0.200,0.170.0.115 

5.5 

sec 

0.1025.0.2315  other 

Ir-191m 

4.90  sac 

0.129.  <0.07 

4.9 

sec 

0.042-0.129 

Pt-195m 

4.5  day 

0.065** 

4.1 

day 

0.031-0.130 

Au-197m 

7.0  sec 

0.10,0.27.0.40 

7.2 

sec 

0.130,0.270.0.407 

Hg-199m 

43  min 

0.160.0.370 

42 

min 

0.158,0.368 

* This  isomer  was  measured  with  a G-M  ;low  counter. 
m This  value  corresponds  to  Pt-K  X-ray  energy. 


Table  III.  Induced  activation  rate 


Elemen 

1 Beam 
energy 
(MeV) 

1 

Counting  rate 
(x  10000  cpmj 

1 

4 

Sample  form 

Se 

5 

1 1300 

metallic  pellet 

Br 

4 

1600 

NaBr  grain 

Sr 

6 

0.3 

SrCOj  powder 

Y 

5 

90 

j metallic  grain 

Rh 

5 

(0.21* 

RhCU  grain 

Ag 

5 

180 

metallic  plate 

Cd 

6 

0.5 

CdCI-  ..rnia 

fn 

6 

8 

metall:.-  -.late 

Sn 

6 

0.0005 

metallic  "late 

3a 

5 

0.6 

BaS  powder 

Er 

4 ! 

4900 

Er-Oj  powder 

Hf 

5 

1600 

metallic  plate 

W 

5 

120 

metallic  powder 

Ir 

5 

2100 

metallic  powder 

Pt 

5 

0.3 

metallic  plate 

Au 

4 

4300 

metallic  plate 

Hg  j 

6 

0.09 

metallic  liquid 

u.s.  department  of  cowMi;:: 
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Radioactive  source 


REF.  NO. 

63  Ve  2 


NVB 


REACTION 

RESULT 

EXCITATION 

ENERGY 

SOURCE 

DETECTOR 

ANGLE 

TYPE  RANGE 

TYPE  RANGE 

G,G/ 

ABX 

0-1 

D 0-1 

NAI-D 

ISOMERS 


Ta6jiHua  II 

H3MepeHHbie  3Ha4eHHH  noaie  oojiyMeHim.  cpaaHHBaeMbie  c apyniMH  JiirrepaTypHtiivni 

OaHHblMIl 


SneMCHT 

AKTHBHOCTb 

oftnyMeHHN 

nuene 

Aktmbh. 

Dkcrpn. 

B 

KOHUC 

JlyTeparypHue 

aaHHue 

AaHHue 

HSMepeHMfl 

nepsoro 

K3MepeHHR 

(HMn/MHH.) 

OQJiyM. 

(hmh  / 
MMM.) 

Til. 

E 

(•OB) 

Til. 

E 

Coe) 

(I0~"c**) 

(10-HB) 

Se-77m 

3842±96 

5400 

17,5  ceK. 

160 

18,1  ±1  ceK. 

160±10 

9.5 

1,75 

Sr-87m 

191  ±5 

200 

2,8  m. 

390 

2,9  ±0,1  m. 

365  ±25 

0,85 

0,2 

y-89m 

96  ±20 

170 

16ceK. 

910 

16,7±5  ceK. 

0,08 

0,02 

Rh-103m 

28±5 

31 

57  MHH. 

40 

58  ±2  MHH. 

20,5  ±0,5 

0,08 

0,01 

Ag-107m 

220  ±14 

250 

44  ceK. 

93 

43,8±0,6  cen 

91  ±10 

0,8 

0,2 

Ag-109m 

. 

39  ceK. 

88 

Hf-179m 

80  ±18 

155 

19  ceK. 

160; 

215 

19±2  ceK. 

' 

1 

0,2 

Ir-191m 

90  ±20 

250 

4,9  ceK. 

42; 

130 

5±2  ceK. 

5,6 

1 

Pt-195m 

90  ±9 

100 

3,5  a. 

31; 

100; 

130; 

3, 5 ±0,2  a. 

32±3 
67,5  ±5 
96±5 
130±10 

0,2 

0,04 

Au-197m 

240±  16 

520 

7,2  ceK. 

130; 

277; 

407 

7,2  ±1  ceK. 

68:130: 
280 ±20 
390±20 

0,07 

0,01 

Hg-199m 

9,6±3,2 

42  MHH. 

160; 

370 

0,005 

0,001 

Am  Pky,.  Hung.  Tam.  XVI.  Fit.  3. 
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4PI 
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ABI 

THR- 28 

D THR-28 
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TABLE  l 


Integrated  Cross  Sections  (or  Zirconium  and  Yttrium 


Isotope 

E««« 

2 * JlJmt  dE 
(MeV  - barns) 

b 3 /<T„,dE 
(MeV  - barns) 

tV'a 

Eau 

(MeV) 

”Zr 

0.980 

0.108 

0.110 

28 

"Zr 

1.078 

0.202 

0.187 

30 

"Zr 

1.098 

0.447 

0.408 

28 

**Zr 

1.041 

0.577 

0.554 

30 

**Y 

0.991 

0.09S 

0.098 

28 
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REACTION 

RESULT 

EXCITATION 

ENERGY 
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ACT- I 
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T.ujle  IV.  Summary  of  the  results  for  the  photoproduction  of 
the  Y8T  isomers  (spins  \ and  $). 


Target  isotope 
and  spin 

Bremsstrahlung 
energy  (MeV) 

Fraction  of  yield  to 
high-spin  isomer 

Y“  (/-*) 

150 

0.42=0.03 

2S0 

0.42=0.03 

Xb»  (/-;) 

150 

0.71=0.13 

280 

0.69±0.13 
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67  Be  2 


hmg 


REACTION 

RESULT 

EXCITATION 

ENERGY 

SOURCE 

OETECTOR 

ANGLE 

TYPE  RANGE 

TYPE  RANGE 

G ,N  1 

ABX 

THR-28 

D THR-28 

BF3-I 

4PI 

G.2N  a + 

ABX 

THR-28 

D THR-28 

BF3-I 

4PI 

Taiu.e  IV.  Integrated  cross  sections. 


Xu  clous 

#!«£(■>.») + (t,£* *)3 

(MeV-h)4 

-#i4i(7,2i«) 

(MeV-li)4 

Y» 

0.94 

0.10 

Zr» 

0.96 

0.10 

Zr“ 

0.88 

0.20 

Zr“ 

0.65 

0.45 

Zr** 

0.43 

0.58 

rin,ly.2n) 

fJr)F„r 

(MeV) 

#i.»l7,  total)4 

(McV-b) 

28 

0.10 

1.14 

28 

0 09 

1.16 

30 

0.19 

1.22 

28 

0.41 

1.23 

30 

0.56* 

1-32 

0.06A ’Z/A  ( + 

(McV-b)  — 


Ul 

1.33 

1-55 

1.36 

1-38 


• All  nmiuml  Integrated  cron  action  values  are  given  for  an  energy  region  from  threshold  to  Hymn.  For  the  7 r " and  7. r"  cases,  it  was  necessary  to 
extrapolate  the  low-energy  part  of  the  total  photoneutron  cross  section  down  to  threshold:  the  error  introduced  in  this  orocess.  however.  Is  less  than  0.5%. 

s The  word  "total  ' in  this  table  refers  to  the  total  photoneutron  cross  section  e(Cy.n)  -*-(y.p»)  +(y.2«)  +(yj»)].  and  excludes  the  (7.7)  and  (r.P) 
cross  sections. 

* This  value  includes  the  contribution  of  eia(yja).  which  equals  0.0J  UeV-b  from  threshold  to  JO  MeV. 


FORM  N8S-418 

IR  C V.  7.1  4-  041 

CISC  Omm-OC  290IO-P94 


Fic.  8 (a)  Total  photoneutron  cross  section  <r[i(y,n)  + (y,np) 
+ (y,2n)~j  for  Y“.  The  solid  curve  is  a Loren  tz-line  fit  to  the  giant- 
resonance  data  (14  to  19  MeV;.  The  thresholds  (arrows),  except 
when  otherwise  noted,  are  from  Ref.  10.  In  this  case,  the  (y,2rt; 
threshold  is  taken  from  the  data.  <b)  Single  photoneutron  cross 
section  »C(v.<,)t-(7,;i»i)  for  Y**.  The  dashed  line  represents  the 
maximum  possible  systematic  error  owing  to  the  uncertainty  in 
the  normalization  constant  for  the  bremsstrahlung  subtraction 
see  textj.  (C)  The  (y,2n>  cross  section  for  Y“.  The  threshold 
determination  of  20.8±0.1  MeV  determines  the  mass  of  Y'7 
fsee  text).  The  threshold  value  is  taken  from  the  data.  The  cross- 
section  scale  has  been  doubled  for  clarity. 


ref.  N.  G.  Shevchenko,  N.  G.  Afanas'ev,  G.  A.  Savitskii,  V.  M. 
V.  D.  Kovalev,  A.  S.  Oraelaenko,  and  I.  S.  Gul'karov 
J.  Nucl.  Phys.  (USSR)  J,  943  (1967) 

Sov.  J.  Nucl.  Phys.  J,  676  (1967) 
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67  Sh  1 


HMG 


REACTION 

RESULT 

EXCITATION 

ENERGY 

SOURCE 

DETECTOR 

ANGLE 

TYPE  RANGE 

TYPE  RANGE 

E,E/ 

FMF 

2-3 

D 225 

MAG-D 

DST 

(2.2) 

G- WIDTH.  J-PI 


Table  II 


Absolute  differential  cross  section  for  inelastic  scattering  of  electrons  with 
energy  225  ± 1 MeV  by  Y"  with  excitation  of  levels  at  2.5  ± 0.2  MeV 


e. 

deg 

Cross  section. 
cm*/sr 

e. 

deg 

Cross  section. 
cm*/sr 

9. 

deg 

Cross  section, 
ctn'/sr 

35 

(3.15±0.33)-10-*» 

50 

(2.44  ±0.09)  •10"® 

80 

(3.34±0.21)-10-» 

35 

(3.77±0.28)-10-»  | 

50 

(2.28±0.23j-10-» 

82 

(3.40±0.23)-10-» 

40 

(1.26±0.06)-10-»  | 

52 

(2.45±0.14)-10-» 

84 

(2.97±0.22)-10-» 

44 

(7.72±0.31)-t0-*»  | 

55 

(9.13±0.28)-l0-« 

86 

(2.42±0.18)-10'» 

46 

(5.05±0.18)-10-»  | 

60 

(4.48±0.55)-10-« 

88 

(1.94+0. 15)- 10'® 

48 

(4.74±0.18)-10-»  | 

65 

(2.12±0.19)-10-« 

90 

(1 .68±0.15)-10*® 

48 

(2.59±0.12).10*»  | 

78 

(4.32±0.32)-10*» 

95 

(1 .46±0. 18). 10"** 

^*1'  Squared  form  factor  as  a function  of  momentum  transfer 
for  the  2.5  ± 0.2  MeV  inelastic  peak  of  Y"’.  The  curves  are  calcu- 
lated in  the  Born  approximation  for  different  values  of  transition 
multipolarity  A. 
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ENERGY 

SOURCE 

OETECTOR 
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TYPE  RANGE 

TYPE  RANGE 

G,XP 

SPC 

THR-24 

C 17.24 

EMU-D  2-16 

4PI 

■o" 


Fig.  1.  Energy  distributions  of  photoprotons. 
Plots  and  curves  A and  B — The  observed  results 
for  24.0  and  17.5  MeV  of  the  bremsstrahlung 
maximum  energy  respectively.  Curve  a and  b— 
The  corresponding  spectra  of  the  bremsstrahlung. 
Curve  D and  d— The  difference  between  A and  B 
and  between  a and  b. 
f7.4b  is  the  threshold  energy  of  Y "(r,  p)  in 
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68  Al  1 


egf 


REACTION 

RESULT 

EXCITATION 

ENERGY 

SOURCE 

OETECTOR 

angle 

TYPE  RANGE 

TYPE  RANGE 

G.G 

LFT 

0-2 

C 4 

SCD-D  0-3 

130 

(1.51) 

Angle  greater  than  90° 


for  all  measurements. 


SELF- ABSORPTION 


Table  1 


Direct  and  absorption  measurements  of  resonance  fluorescence 


Nucleus 

E, 

(MeV) 

4 

rjr 

gwrjtir 

(mcV) 

Error 

(%) 

This  work 
(meV) 

Other  work 

“Mn 

0.000 

}~ 

1.527 

(}-) 

0.9 

5.2 

25 

8-12 

abs  ») 

40 

8.0 

1.884 

7 

0.82  ») 

41 

25 

50 IgW 

abs  ») 

10 

55  lg 

2.197 

7 

(0.8) «) 

17 

25 

2\lgW 

abs 

20 

17  lg 

2.252 

7 

(0.9) «) 

17 

25 

19/glV 

abs 

20 

13 /£ 

2.365 

7 

7 

3.5 

36 

(2-6)77/’. 

2.564 

(1.0) 

50 

25 

501  gW 

abs  •) 

20 

6llg 

“Co 

2.751  • 
0.000 

7 

i- 

7 

6.7 

42 

6.1(nr,)lgW 

1.187 

a-) 

(1.0) 

6.8 

25 

7.5 

0.33(E2)a) 

abs 

25  ») 

12 

(S-) 

(1.0) 

6.8 

25 

* (5.4 — 6.5) 

0.27 (E2) 

abs 

25-) 

9.6 

•*Cu 

0.000 

.1. 

* 

1.414 

4- 

X 

7 

1.6 

30 

(1.1  -1.7)77/’, 

“Ga 

1.551 

0.000 

§- 

i- 

2 

7 

1.7 

37 

(1.7-2.5)777’, 

0.1  (E2)  •) 

0.872 

a-) 

0.95 

1.1 

35 

0.8/  it' 

1.107 

a-) 

0.95 

8.0 

20 

8.4/  IK 

’•As 

0.000 

j- 

0.86 

7 

7 

1.7 

20 

\.ingv'r, » 

1.07 

2.6 

30 

2.6ngwra 

“Y 

1.35 

0.000 

j- 

3.6 

20 

i.erigwr. 

1.51 

i - 

•T 

(1.0) 

52  ») 

30 

28 

0.37(E2)') 

abs  ») 

15 

22 

*)'  Measured  with  NaL. 

")  Ref.**). 

e)  Measured  with  a Ge(Li)  detector  to  ±10%. 
d)  Ref.  »*).  «)  Ref.  u).  f)  Rcf  U) 
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24N.  Nath,  M.A.  Rothman,  D.M. 

(1959)  74. 


and  I.K.  Lemberg,  Izv.Akad.Nauk.SSSR( ser.fiz. 

and  A.Bussiere,  Nucl.  Phys.  2P  (1965)  505. 
Phys.  Rev.  166  ( 1968)  I36. 
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68  Pe  1 


HMG 


REACTION 

RESULT 

EXCITATION 

ENERGY 

SOURCE 

OETECTOR 

ANGLE 

TYPE  RANGE 

TYPE  RANGE 

E,E/ 

RLX 

1-3 

D 65.70 

MAG-D  60-70 

DST 

Table  L Experimentally  determined  values  oi  the  reduced 
nuclear  radiative  transition  probabilities  B(EL)  for  the  ex  a ca- 
tion of  a nucleus  to  a level  at  energy  £*  above  its  ground  state 
by  a transition  at  electric  character  and  multipolarity  L,  in 
units  at  «*  F**,  where  1 F“10“w  cm.  The  last  column  gives 
B{KL)  in  anfle-particle  Wnsshopf  units  according  to  Eq.  (4). 

fl(£0— • L)  C. 

P L («*F«)  (W.u.) 


Sc- 


1J4 

2 

990±50 

8.5 

2.74 

' 3 

80  600^3000 

25.0 

4 JO 

2 

190±40 

1.6 

| 4.5 

(2) 

130±30 

1.1 

(3) 

13  000^3000 

Y» 

4.0 

1J0 

2 

120±50 

13) 

1.73 

2 

140±40 

1-2 

2J1 

3 

33  700 ±3000 

10J 

2J2 

• 3 

37  800±30t0 

11.4 

2M 

! 

3 

32  300*3000 

9J 

I 


l 


I 


SEP  ISO TPS 


Fio.  6.  Distorted-wave  inelastic  cross  section  in  units  of  the 
Mott  eras  section  versus  momentum  transferred  to  the  Y* 
nucleus  for  electric  octnpole  (solid  lines)  excitations  at  2.21,  2.52. 
and  2.86  MeV.  An  incompreaaible  and  irrotational  hydrodynamicai 
model  waa  assumed.  For  comparison,  curves  are  shown  for  electric 
quadrupole  excitations. 
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REACTION 


RESULT 


EXCITATION 

ENERGY 


ANGLE 


^G_ 
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il-.lL 
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Fig.  3.  Excitation  curves  for  sever-:  ... 
proton  scattering  from  Sr  at  ',0'  a.-.u 
(P.  Pa)  at  90°.  Curve  labeled  p.  e:-.c.;_:. 

resonance  at  7.92  MeV.  Curves  :_c 

curve  excitation  curve  for  the  8J$.\  j, 
nance  energies  (lab)  in  sjSr— p re_c:.„.'. 
set  ot^ levels  from  ref. :)  arbitrarily 
to  convert  to  “equivalent”  lab  energy. 


—is  tuken  s:mu.:_.ieously.  Upper  two  curves  elastic 
o . .user  a:  tar  rignt  excitation  curve  for  the  reaction  48Sr 
“ for  :;'c  “Sr(?,  Pi)  reaction  at  90°.  Note  the  striking 
. e:,c.:_.;on  curve  for  the  SiSr(p,  pt)  reaction  at  90°.  3ottom 
or.  at  125°.  Underlying  box  upper  set  of  levels:  rcso- 
• sca‘,:  was  so:  t0  agree  with  that  of  ref. «).  Lower 

: 7.0  MeV  and  with  energy  interval  stretched  by  S9/SS 

LeveL  shown  with  half  the  usual  length  are  non-stripping 
levels. 
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68  Sh  1 


EGF 


REACTION 

RESULT 

EXCITATION 

ENERGY 

SOURCE 

DETECTOR 

ANGLE 

TYPE  PAN  OC 

TYPI  PANGC 

! 


i 

i 

i 


TaSL£  1 


Radiative  widths  of  analogue  resonances  in  “Y  (present  work) 


Resonance  energy 
£p  lab 
(MeV) 

• sr 

Single-panicle 
component  of 
resonance 

Jn 

Qj-rDr^r.jr 

(sV) 

6.10 

s* 

JL+ 

1 

7.00  ») 
7.07  *) 

(ds) 

di 

(ft+)  \ 
f-  b)l 

(13  = 5)  4) 

7.51 

d* 

i * a) 

17=o 

s)  Ref. J). 

*)  Ref.7). 
c)  Present  work. 

4)  Unresolved  (assuming  a single  level). 


I 


. - - 

— • 

Ta aac  la 
Partial  widths  of  analogue 

cso  nances  in  "*Y 

- 

Parent 

£p  lab 

r 

r r 

1 P 1 VO 

r c\ 

1 S.p.  / 

level  in  “Sr 

resonance  lj  (27",  — .,vp:=9n!  (koV) 

(kcV)  (eV) 

(keV)  (27"0  -f- 

»/y/Yp. 

. 1.031 

6.10 

s+  0.96 »)  70 ») 

46s)  11=4 

1.66 

0.08 

1.931 

7.00 

d(i)  0.30 »)  50  s) 

11  s) 

2.000 

7.07 

d*  0.60 »)  50  s) 

23  s)  7 = 3 

3.32 

0.03 

2.455 

7.51 

d*  0.3  s)  60  s) 

13  ')  14  = 5 

3.36 

0.05 

»)  Ref.  *). 

b) 

Ref. '*).  c)  Calculated  u»:n 

g ».-.c.i-moucl  wave  functions.  See 

:ext- 

I 

I 


ia3L£  2 

Gamma-ray  angular  d:s:ribu;ion  result 


iao  £P 
(.MeV) 

h 

!'/(*) 

6.10 

1 — v-- i =0.1  l-P^cos-1  6) 

7.51 

dj. 

t — \,0.53  — 0.12>a° ^(ccs*  0) 
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69  Be  4 


egf 


REACTION 

RESULT 

EXCITATION 

ENERGY 

SOURCE 

DETECTOR 

ANGLE 

TYPE  RANGE 

TYPE  RANGE 
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ABX 

11-25 

D 11-26 
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ABX 
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HtCHERCHEd'  ETATS  QUASI-LIES  ANALOGUES  2p-Zh  dan*  la  RESONANCE  GEANTE  de  Y89 
R.  BERGERE.  P.  CARLOS.  A.  VEYSSIERE,  H.  BEIL  - CEN/Saclay  - FRANCE  -(91) 

Nous  avons  etudie  avec  des  monochromatlques  lea  reactions  V (l»et  Y Lea  resul- 

tats9^„  et  a fortiori*^*  r^mont rent  sans  amblgultd  le  dedoublement  de  la  resonance  geante 
deja  signald  par  BLBerman  dans  cette  meme  region  de  masse  (Phys.Rev,  169.  1967,1098).  On 
peut  reprdsenter  entre  13  Mev  et  22  Mev  la  section  efflcace  photoneutronique  totaled  par  une 
somme  de  deux  rales  de  Lorentz  ayant  respectivement  les  parametres  : Ej  = 1 6,  57  Mev  ; 
r,  = 4.25  Mev  ; = 215  mbarns  ; Ej=  20.87  Mev  ; Pj  = 2,87  Mev  ; ffj  = 45  mbarns.  Les  sections  effi- 
caces  lntegrees  sous  chacune  de  ces  deux  rales  sont  respectivement  ^15  = 1 ,435  Mev  barns 
et  i = 0,203  Mev  barns  et  sont  done  dans  le  rapport  £a  = 0, 14.  Un  essa'i  de  determination  de  la 
section  efficace  nucldalre  totale  a ete  fait  par  une  mesure  de  transmission  de  f mono- 

go 

chromatlques  4 travers  Y . Les  incertitudes  sur  les  donndes  actuelles  de  l'absorption  elec- 
tronlque  des  f (rapport  UCRL  50  400  et  NBS  583)  permettent  simplement  de  conclure  que  de  I 6 
^ 21  Mev  on  a 5%.^  si  5 + 30  mbarns. 

Ce  dedoublement  est  i rapprocherde  la  prediction  de  S.  Fallieros  sur  le  dedoublement  iso- 

barique  des  dtats  dlpolaires  (Phys,  Lett.  19.  1965,  398)  caracterise  par  if-(/£ls5Mev  pour  Y89 

(U  =6nergle  de  symdtrie  et  T =ii)  en  bon  accord  avec  notre  valeur  experimentale  4,3  Mev  . 

Fallieros  prdvolt  un  rapport  des  intensitds  dlpolaires  des  transitions  -Zl.  Cette  va- 

'c  T 

leur  n'est  pas  Incompatible  avec  nos  mesures  si  on  suppose  que  s 0,  25  f Goulard  et 

al  (Can.  Journ.  Phys.  45,  1967,  3221  et  46,  1968,  2771  - Phys.  Rev.  176,  1968,  1 345)  tenant 
compte  de  tous  les  6tats  Ip-lh  concluent  4 un  dedoublement U trop  faible  et  1 un  rapport  d’ln- 
tensitd  siO,  11  ce  qul  est  lnsuffisant  meme  en  ne  tenant  compte  que  de  la  valeur  It.).  II  est 
probable  que  la  consideration  du  couplage  d'etats  du  contlnu  aux  etats  quasi-lies  2p-2h  permet- 
trait  de  mleux  prdclser  les  caractdrlstlques  de  ce  dedoublement  (V.  Glllet  et  al  - Nucl.  Phys. 
A97,  1967,  631).  Notons  enfln  que  notre  valeur  experimentale  ®J.„(r,)  plus  grande  que  d'y,). 
pourrait  provenlr,  comme  lndlqud  par  Gellle  (Aust.  J.  Phys.  1968.  765)d'une  desexcltatlon  de 
Y8V>)  par  emission  d’un  neutron  vers  les  etatsT^lde  Y88  des  que  cette  vote  est  ouverte. 
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Fig.  2.  The  excitation  functions  for  the  indicated  reac- 
tions in  a proton  energy  range  covering  the  d:  ground- 
state  isobaric  analogue  resonance. 
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)89Y 

reaction. 

>0 

y2 

y3 

^ (00°)<Mb/sr>  off  resonance 
dM  on  resonance 

r®xp  (eV) 

8.7 

8.7- 

6 

25 

7 s 2 

4 

12 

4x3 

r^p 

(CV) 

- 

1840 

2? 

-in 

(eV) 

- 

49 
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REF.  NO. 

69  Sh  4 


hrag 


REACTION 

RESULT 

EXCITATION 

ENERGY 

SOURCE 

OETECTOR 

ANGLE 

TYPE  RANGE 

TYPE  RANGE 

G»g 

ABX 

7-24 

C 17-24 

EMU-D  2-16 

DST 

(17.5) 

Table  II.  Anisotropic  factor  BIA  and  asymmetry  factor  p of  angular  distributions  determined  by  least- 
square  fits  with  A+2J  (l+pcos0)sin*  9. 


"Y 


i 

E^MeV)  j 

if 

R 

II 

17.5  MeV) 

(Ern,„=  19.0  MeV) 

(Emus 

=24.0  MeV) 

BIA 

! p 

B/A 

P 

BIA 

P 

3.5-  5.1  i 

0.3±0.2 

| 0.6±0.7 

1. 1±0.4 

0.3+0. 3 

0.5+0. 2 

: -0. 4+0.5 

5.1-  7.2  | 

1.1±0.4 

| 0.0±0.3 

2. 2+0. 4 

0.1 +0.1 

0.9+0. 3 

0.2+0. 2 

7.2  10. 0 

oo*> 

| 0.2+0. 2 

3. 2+2.0 

—0.2+0. 2 

1.6+0. 6 

' 0.0+0. 2 

10.0^  | 

J 

4. 5+3.0 

1 -0. 2+0.2 

a)  The  notation  oo  indicates  that  the  distribution  is  almost  (1  +p  cos  9)  sin*  9. 
has  stronger  maximum  than  that  of  1 + 10(1 +/>  cos  $)  sin‘0. 


It  is  used  when  the  result 


Fig.  1.  Energy  distributions  of  photoprotons  from  Fii...  Examples  of  angular  distributions  of  photo- 

"Y  irradiated  with  the  bremsstrahlung  at  maxi-  protons  from  **Y  and  Zr. 

mum  energies  of  24.0,  19.0  and  17.5  MeV. 
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ENERGY 
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BIA  of  the  angular  distributions  for  photoprotons 
from  "Y.  A sign  indicates  that  BIA  is  too 
large  to  plot  the  figure. 


i0 
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Cr  (M«V) 


25 


ANGLE 


Fig.  6.  The  energy  distribution  and  the  anisotropic 
factor  BIA  for  photoprotons  from  **Y  obtained  bv 
subtraction  of  from  oy«v.  The 

broken  curves  show  transition  groups  to  the  se- 
lected residual  states. 


Fig.  10.  Cross  sections  for  strong  photoproton 
transitions  on  **Y.  The  neutron  emission  cross 
section**'  and  the  result  of  the  “Sr(p.  ;•<,)**  Y reac- 
tion" are  also  shown. 
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Fig.  7.  The  energy  distribution  and  the  anisotropic  — — — - — — ___ __ 
factor  BIA  for  photoprotons  from  *»Y  obtained  by 

subtraction  of  from  See  also  PHOTONUCLEAR  DATA  SHEET  259 

the  caption  for  Fig.  6* 


i5 

£ r (MeVI 

Fig.  9.  The  p)  cross  sections  of  ”Y  and  Zr  in  the 
photon  energy  region  lower  than  20  MeV.  The 
(;'■  Pi)  cross  sections  deduced  from  the  inverse  _ 
reaction  cross  sections  arc  shown  by  solid  lines 
indicated  by  „n.  Theoretical  *>Zr(7-. /?„)”Y  cross 
section'"  ts  shown  bv  broken  line. 
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PICNS-69  Proceedings  of  the  Conference  on  Nuclear  I so  spin. 

Asilomar- Pacific  Grove,  California  1969  (Academic  Press, 
New  York  & London  1969)  p.  125. 
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egf 


REACTION 

RESULT 

EXCITATION 

ENERGY 

SOURCE 

OETECTOR 

angle 

TYPE 

range 

TYPE  RANGE 

E,P 

SPC 

10-26 

D 

20 

MAG-D 

UKN 

Sr 

Ee  = 30  MeV 


V* 


1 •*. 

• iiJ.  • 5 


0 2 4 6 3 10  12  14 


UKN=  UNKNOWN 


4. 


>‘f>. 

tr  Vv 


A.v 


Ee  - 20  MeV 


’M. 


0 2 4 S 5 

* -V»v. 


10  12  14 

" Zr 

Ee=2Q  MeV 

*.v^ 


0 2 4 6 

N«  i .•*;> 


3 10  12  14 

/»  w 

» **v* 


V 


Mo 

Ee=20  MeV 


0 2 4 6 8 10  12  14 

E0  (MeV) 


Fig*  1*  Energy  distributions  of  photoprotons. 

Vertical  broken  lines  and  solid  lines 
indicate  the  position  of  pQ  corres- 
ponding to  the  ground  IAS  and  electric 
dipole  IAS  ( 2 - ) respectively. 
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REACTION 

RESULT 
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ENERGY 

SOURCE 

oetector 

ANGLE 

TYPE  RANGE 

TYPE  RANGE 

G,G 

ABX 

12-30 

C 32 

NAI  12-30 

DST 

. 

GETS  G.G/  TO  2-4- 


FiS.  9.  Differential  total  scattering  cross  section  at  150*  for  **Y.  The  dashed  curves  arezh*  scattering 
crou  section  calculated  with  one  Lorentz  line  at  Ex  — 16.4  MeV  and  with  two  Lorentz  lines  at 
£i  - 16.4  MeV  and  Ex  - 21.5  MeV.  - 


Fig.  10.  Differential  total  scattering  cross  section  at  150*  for  **Y  and  theoretical  scattering  cross  section 
(dashed  curve)  given  by  the  D.C.M.  calculations.  See  caption  for  fig.  4.  Here  Ex  is  given  by  table  3. 

Fig.  4.  Differential  total  scattering  cross  section  at  1503  for  natural  Ti.  The  full  curve  through  ex- 
perimental pouits  :s  only  a guide  for  the  eyes.  The  vertical  bars  represent  the  relative  strength  of 
dipole  levi^,  cu.. — :ed  by  the  D.C.M.  with  parameters  of  table  1.  Theoretical  elastic  plus  inelastic 
scattering  ij  co.—  p _:.a  :rom  these  levels  with  a common  width/3  (dashed  curve).  Experimental  inelastic 
scattering  thi^togr-mj  and  theoretical  inelastic  scattering  to  the  first  2 * (full  curve)  are  shown  in  the 
lower  part  c:  the  figure.  Open  circles  give  the  cross  section  after  background  subtraction. 
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Table  4 


Integrated  inelastic  scattering  cross  section 


Nucleus 

Limits  of 
integration 
(in  MeV) 

Experimental  *) 

/ ff,(£)d£  (MeV  -^b) 

2^ 

Theoretical  *) 
2’-' 

(MeV  • /xb) 

Total 

Ti(**Ti) 

16  -24 

250  = 50 

425 

109 

534 

5lV(S2Cr) 

16.4-24.9 

492=  50 

509 

116 

579 

Cr 

16.4-23.4 

431=  60 

509 

116 

579 

TSAs(74Se) 

14.1-23.6 

1254  = 120 

1373 

414 

1737 

Se(*°Se) 

14.1-24.6 

1035  = 100 

1066 

353 

1419 

•«Y 

364 

Cd(ll2Cd) 

13.6-23.3 

3264=240 

1394 

370 

2264 

In(“*Cd) 

13.6-23.6 

2840  =220 

2173 

338 

2561 

Sn(110Sn) 

14.2-24.2 

2363  ±220 

643 

*)  We  assume  an  angular  distribution  of  the  form  1 -r-L.  cos2  0. 
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Roai tioa 
ef  peak 

MaV 
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M.V 

la  tegral 
croaa 
aeetioa 

ob'Ma V 

lata* 

* r at  i on 
1 ini  t 
MaV 

Ra  fe  r an  co 

3 (T.  Tn) 

16.0 

270 

3.7 

1,57 

29 

The  proa oat  work 

3 (T.  Tn) 

16,6 

184 

3,7 

1.14 

28 

Re  f . S 

aa 

16,0 

270 

3.7 

1,36 

29 

The  preaaat  »ork 

aa 

16.6 

184 

3.7 

1.04 

2S 

Ref.  S 
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Phys.  Rev.  162,  1093  (1967). 
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Fig.l.  Cress  section  for  the  ^%(7,Tn)  reaction. 
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REACTION 
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ENERGY 
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OETECTOR 
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TYPE  RAN  GE 

TYRE  RANGE 

G.2N 

RLY 

THR-305 

C 150-305. 

ACT- 1 

4PI 

G.PN 

RLY 

THR- 305 

C 150-305 

ACT-  I 

4PI 

Tails  1 

Summary  of  measured  yield  ratios 


Target 

Bremsstrahlung  energy 

Measured  yield  ratio 

(MeV) 

natural  Cr 

150 

250 

4,Cr/4*V  =.  0.043  ±0.002 
0.047 ±0.009 

30S 

0.042  ±0.002 

enriched  ”Cr 

250 

0.025  ±0.005 

natural  Fe 

250 

,JFe/”Mn  = 0.037  ±0.003 

enriched  s‘Fe 

250 

0.024  ±0.005 

5S'Mn/(J,“Mn+H,Mn)  = 0.47  ±0.02 

natural  Y 

150 

•’Y/*7"' Sr  = 1Z9  ±1.6 

natural  Mo 

150 

*°Mo/90Nb  - 0.41  ±0.05 

280 

0.49  ±0.05 

Tabu  2 


Summary  of  experimental  and  theoretical  ratios  of  (y , 2n)  to  (y,  pn)  yields 


Target 

isotope 

Bremsstrahlung 

energy 

(MeV) 

Experimental 
(y,  2a) l(y,  pn) 
yield  ratio 

Calculated 
(y,  2n)/(y,  pn) 
yield  ratio 

»°Cr 

250 

0.095  ±0.025 

0.14 

54Fe 

250 

0.10  ±0.03 

0.07 

•*Y 

150 

7.4  ±1.0 

6.7 

**Mo 

150 

0.41  ±0.05 

0.15 

280 

0.49  ±0.05 
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Fig.  3.  Partial  photoneutron  cross  sections  o(y,  n)  and  <r(y,  2n)  of  **Y. 


Tablb  I 

Lorentz  line  parameters  corresponding  to  fits  shown  in  fig.  6. 


Rb 

Sr 

•*Y 

»°Zr 

#JNb 

(mb) 

192  -10 

207  ±10 

225  ±10 

211  ±10 

202  ±10 

(MeV) 

4.1  ± 0.13 

4.2  ± 0.1 

4.1  ± 0.1 

4.0  ± 0.1 

4.7 ± 0.2 

(MeV) 

16.75±  0.05 

16.7±  0.05 

16.7  ± 0.05 

16.65  ± 0.05 

1 6.5  ± 0.05 

Tabu  3 


Intcgra'ed  cross  sections  (the  notation  used  is  defined  in  the  text) 


Rb 

Sr 

•*Y 

-«Zr 

*JNb 

<r»  (MeV  • b) 

1.14  ±0.06 

1.42  ±0.07 

1.36^.0.07 

1. 

26  ±0.07 

1.33  ±0.07 

<*• 

0.06  NZA~l 

0.915±0.05 

1.09  ±0.05 

1.04  ±0.05 

0.95  ±0.05 

0.97  ±0.05 

<r_|  (mb) 

67  ±4 

80  ±5 

77  ±5 

71 

±5 

79  ±5 

a.  , (mb  • MeV"1) 

4±0.2 

4.6  .i.0.2 

4.4  -_0.2 

4 

±0.2 

4.8  ±0.2 

Fm  (MeV) 

24 

*27 

27 

26 

24 
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i 

Fig.  6.  Total  pholoncutron  cross  sections  <rT  of  Rb,  Sr,  **Y,  **Zt  and  ,5Nb  and  best  one  Lorentz 
line  fit  corresponding  to  parameters  given  in  table  I. 
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REACTION 

RESULT 

EXCITATION 

ENERGY 

SOURCE 

OETECTOR 

ANGLE 

TYPE  RANGE 

TYPE  RANGE 

E.E/ 

ABX 

0-240 

D 500 

MAG-D 

60 

Tablo  1.  Nuclear  Fermi  momentum  l»r  anil  aver a go 
nucleon  intoraclion  energy  i determined  by  least- 
wquart'M  fit  of  theory  to  quaKlelnstlc  peak. 

Nucleus 

(McV/c)a 

t 

(McV)b 

3Li« 

ir,D 

17 

«C‘* 

221 

25 

ttMg*4 

235 

32 

toCa49 

251 

28 

jjNl5*’7 

260 

36 

„Y" 

254 

30 

soSn""-T 

260 

42 

rjTa1" 

265 

42 

«2Pb:M 

265 

44 

*The  fitting  uncertainty  in  these  numbers  Is  approx- 
imately tS  MeV/c. 

bThe  fitting  uncertainty  in  these  numbers  is  approx- 
imately ±3  MeV.  Simple  estimates  for  t give  numbers 
in  reasonable  agreement  with  those  in  the  table 
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71  Sa  1 


egf 


REACTION 
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EXCITATION 

ENERGY 

SOURCE 

DETECTOR 

ANGLE 

TYPE  RANGE 

TYPE  RANGE 
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ABY 
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ACT -I 

4 PI 

Nippon  Kogofcu  ZouM.  93.  144—168(1971) 
Tho  Yields  ol  Radioactivities  Indue  ad  by  [f,  n)  Itoctiodi 
with  Bramsstrahlung  up  to  41  MoV 
byJolwjjjAIT^ 

TIk  (r.  »)  yields  of  12  target  nuclides  have  lircn  mrawrcii 
at  10,  13,  1C,  30,  43  and  GU  McV  brcmistraliluiig  l»y  olnrrv- 
inn  I lie  induced  ariivitio. 

The  energy  dependence  of  ll*c  yields  has  been  invcaigalcd 
extensively  in  (lie  same  way  ai  in  the  previous  work  at  20 
MeV  lircmsstralilinig. 

In  (Ik  rue  of  heavy  nudities,  (Ik  yields  rise  greatly  as  a 
funelion  of  maximum  bombarding  energy  up  lu  20  MeV,  ami 
rise  gradually  from  20  MeV  up  to  68  MeV.  1 low  ever,  in  (he  rue 
of  light  nuclides,  (Ik  yields  rise  greatly  up  to  30  MeV,  because 
the  neutron  separation  energies  of  light  ones  are  larger  than 
those  of  heavy  ones,  and  (Ik  bremsstrahlung  spectrum  covers 
the  giant  resonance  and  so  the  yields  rise  gradually  from  30 
MeV  up  to  68  MeV. 

The  yields  have  approximately  been*  estimated  from  the 
parameter  of  the  giant  resonance,  that  is  the  prak  cross  section 
and  the  half  width,  in  order  to  rom|iarc  with  the  experimental 
data.  As  a result,  (Ik  experimental  data  of  light  nudities  and 
licavy  ones  arc  nearly  in  agreement  with  the  estimated  data 
of  Natlians  cl  al.,  Johns  cl  al.  and  Momalbctti  ct  al.,  but  iIkssc 
of  medium  weight  ones  are  relatively  lower  values. 

Dtpmtlmnt  af  Cfttmulrj,  Fatally  •/  Stitmct,  Tahakm  Uaiaaruly; 
KalaMra-tAa,  JWsi-ih,  Japam 


K * « V, 
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(2. 3-3.0) 

The  y)'*Y  and  '*Y (J> , y)**Zr  reactions  have  been  investigated  In  the  energy  range  Ep 

3 2.3  to  3.0  MeV.  Excitation  functions  for  the  transition  to  the  ground  state,  with  a total  reso- 
lution of  2 keV,  were  determined  for  each  reaction  over  this  energy  region.  Using  thick  tar- 
gets and  both  a single  GefLl)  detector  and  a Ge(Ll)  detector  incorporated  Into  a pair  spectrom- 
eter, total  summed  spectra  for  the  700 -keV  region  were  obtained.  The  average  total  cross 
section  of  “Sr^.y#)*^  and  ,*Y(p.y,)MZr  was  12*5  Mb  and  17*7  Mb,  respectively.  These 
total  summed  spectra,  which  represent  the  total  y-ray  yield  In  this  region,  have  been  exam- 
ined for  a possible  dependence  of  the  intensity  on  the  J*  of  the  final  state.  The  data  suggest 
such  a ^-dependence  hypothesis,  but  detailed  theoretical  analysis  of  the  s,Sr(p,y)'*Y  reaction 
does  not  completely  agree  with  experiment.  A spectrum  from  a GefLl)  detector  In  coinci- 
dence with  a NalfTl)  detector  was  accumulated  for  the  ,*Sr(p.y),*Y  reaction.  The  decay 
scheme  of  the  states  of  **Y  up  to  an  excitation  energy  of  3.621  MeV  was  determined  and  the 
Implications  about  spins  and  parities  are  consistent  with  accepted  assignments. 
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FIG.  1.  Presently  accepted  level  schemes  for  **Y  and 
MZr  taken  from  the  data  of  Van  Patter  (Ref.  8)  and  Ball 
(Ref.  9),  respectively. 

8 

D.  M.  Van  Patter,  Bull.  Am.  Phys.  Soc. 
if,  573  (1970). 

9 

J.  B.  Ball,  Bull.  Am.  Phys.  Soc.  15. 

574  (1970). 
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Table  III.  El  transition  strengths  from  the 
2d5/2,  3s1/2  and  2d3/2  IAR  in  Y37*89  and  Nb91. 


Transition  E (MeV)  T (ex) (eV)  S(d,p)  S(He,d)  T (ex)/r  (th) 

E Y 1 Y 


.87 


5/2+-5/2‘ 

5/2+-+3/2" 

5/2+-5/2‘ 

5/2+-3/2* 
5/2+— 5/2“ 
1/2+-i/2* 
3/2++1/2' 
l/2+*l/2' 


Nb91  3/2+-1/2' 


.89 


4.80 


5.08 

It 

6.08 
7.51 
8.86 

6.82 


7 ± 2 
13  ± 3 

7 ± 2 

8 ± 2 
3.5  + 1 
18  ± 3 
11  i 2 
40+8 

26  + 6 


0.46 


0.8 


0.34 

0.11 

0.63 


0.19 

0.14 

0.19 

0.11 

0.09 

0.9 


0.36 


28 


1.5* 

28* 

0.6* 

17* 

0.18 

0.10 

0.65 

0.52* 


Below  effective  neutron  threshold 


Fig. 7.  Observation  of  the  transition  to  the 
ground  state(2p1/2)  of  Y89  near  a 2d3/2  IAR. 
The  solid  curves  are  theoretical  fits  (see 
text)  . 


Faf * Excitation  functions  of  the  ground-state  transition  in 
Y near  the  3sj_/2  IAR  observed  in  radiative  proton  capture. 
The  solid  curves  are  theoretical  fits  described  in  the  text;. 
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TABLE  I.  Experimental  isomer  ratios: 


Bremsstrahlung 
end-point  energy  (MeV) 

Measured  isomer  ratio 
Metastable  state/total 

23.0*1.5 

03  *0.02 

25.6*1.5 

036*0.025 

28.6*1.6 

030*033 

50 .0*23 

035*0.03 

S. THIS  EXPERIMENT 


FIG.  4.  Isomer  ratio  in  Y*T  from  the  reaction  Y,s(y.2n) 
Y,t  vs 'end-point  energy  of  thin- target  bremsstrahlung. 


Isomer  Ratios  from  Low  Primary  Excitation  of  Resid- 
ual Nuclei.  J.  W.  Watson.  H.  A.  Medicus,  and 
R.  E.  Turner  iPhys.  Rev.  C 6,  497  (1972)].  In 
Figs.  3 and  4 the  abcissas  are  incorrectly  labeled. 
In  Fig.  3 all  energy  values  should  be  increased  by 
2 MeV,  and  in  Fig.  4 they  should  be  increased  by 
10  MeV  in  the  range  up  to  90  MeV.  Furthermore, 
on  p.  505,  right  column,  second  line  from  top. 
Refs.  11  and  22  should  read  Refs.  12  and  23. 
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Fig.  12.  Experimental  values  of  the  level  density  parameter  a , (Fermi  gas  formula  plus  pairing  cor- 
rection) versus  atomic  number  A.  The  continuous  curve  is  a least-squares  fit  to  the  data  of  a 
theoretical  calculation  from  Newton  1 5). 


MEAN  NEUT  ENERGY 


1 

H.  Baba  and  S.  Baba,  Japan  Atomic 
■ Energy  Research  Institute  report 
JAERI-1183  (1969) . 

2 

H.  Baba,  Nucl.  Phys.  A159,  625 
(1970). 

15 

T.D.  Newton,  Can.  J.  Phys.  34, 

804  (1956). 


Fig.  15.  Ratio  a^Ja9  versus  atomic  number  A.  Here  a,*  is  the  level  density  parameter  taken  from 
the  neutron  resonance  work  of  refs.  '•2),  and  a,  is  the  level  density  parameter  derived  from  the 
present .( y , n)  work.  Filled  circles  represent  points  where  nuclei  in  the  neutron  resonance  and  in  the 
(y,  n)  experiment  were  the  same.  Open  circles  represent  points  where  the  respective  nuclei  ■a  ere 
approximately  matched.  Triangles  represent  points  which  are  based  on  measurement  of  neutron 
mean  energies  at  two  bremsstrahlung  energies  only. 
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Table  3 (continued) 


Target  /V  Goodness  £«(24)  T a p a„  u aoMJa9 

(residual  offit")  (MeV)c)  (MeV)d)  (MeV1)* *)  (MeV-1)') 

nucleus)  *)  no  with 


p.c.  p.c. 


Y 

49 

100% 

G 

G 

1.30 

14.9-»®Y 

10.17-9OY 

0.68 

Zr 

49 

52% 

F 

F 

1.28 

16.0-*°Zr 

12.2  -9,Zr 

0.77 

50 

11% 

51 

17% 

53 

17% 

55 

3% 

Nb 

51 

100% 

F 

F 

1.28 

19.6-,2Nb 

13.15-9*Nb 

0.63 

Mo 

49 

16% 

G 

G 

1.27 

16.5-95Mo 

14.7  -97Mo 

0.89 

51 

9% 

52 

16% 

53 

17% 

54 

10% 

55 

24% 

57 

8% 

Ag 

59 

51% 

V.P. 

F 

1.27 

0.55 

18.6-l07Ag 

15.61-l0*Ag 

0.84 

61 

49% 

Cd 

57 

1% 

V.P. 

F 

1.24 

0.54 

20.9-‘“*Cd 

17.0  -I,2Cd 

0.82 

61 

12% 

62 

13% 

63 

24% 

64 

12% 

65 

29% 

67 

8% 

In 

63 

4% 

V.P. 

F 

1.26 

0.57 

17.0-“  *In 

16.66-“*In 

0.98 

65 

96% 

Sn 

65 

14% 

V.P. 

V.P. 

1.38 

0.73 

14.5-"*Sn 

15.9  -u,Sn 

1.09 

(Z  = 50) 

66 

8% 

67 

24% 

68 

9% 

69 

33% 

71 

5% 

73 

6% 

Sb 

69 

57% 

V.P. 

P 

1.2 

0.68 

19.2-' 21  Sb 

17.0  -,2lSb 

0.89 

71 

43% 

Te 

69 

2% 

V.P. 

F 

1.36 

0.83 

15.0-127Te 

17.0  -,27Te 

1.13 

71 

5% 

72 

7% 

73 

19% 

75 

32% 

77 

34% 

I 

73 

100% 

F 

G 

1.23 

0.70 

17.0-1  J*l 

17.02-12*! 

1.00 

*)  Neutron  numbers  and  abundances  of  respective  residual  nuclei  in  (;•,  n)  experiments. 

b)  These,  give  an  assessment  of  the  goodness  of  fit  of  a calculated  £„  versus  £0  curve  to  the 
observed  data,  using  the  Fermi  gas  level  density  formula  both  without  and  with  pairing  corrections. 

c)  Bremsstrahlung  photoneutron  mean  energies  £„  for  peak  bremsstrahlung  energy  £0  = 24  MeV. 

d)  Nuclear  temperature  from  fit  with  constant-temperature  formula. 

*)  Level  density  parameter  a0  derived  from  the  present  (y,  n)  experiment,  using  a Fermi  gas 
formula  plus  pairing  correction,  and  corresponding  residual  nucleus  t the  atomic  weight  shown  is 
the  weighted  average  of  atomic  weights  of  the  respective  isotopes  present). 

f)  As  column  7,  but  using  data  on  n-resonance  absorption  from  refs.  '• 2). 

*)  Measurements  of  £„(£0)  for  these  nuclei  were  made  only  for  £'0  21,  23  and  24  MeV. 
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TABLE  V.  Reduced  transition  probabilities  [B  CEL  >t  |. 


B(EL)\  (Tassle  model) 


Prediction  of  mixed  model 
B(EL) t for  ®*Y  3"  transitions 


Nucleus 

Level 

(e2  fmZL) 

Weisskopf 

units 

(e2  fms) 

Weisskopf 

units 

®*Sr 

2* , 1.84  MeV 

822.4  ± 23.8 

7.0  ± 0.2 

3". 2. 74  MeV 

62  034  ±4015 

19.3  ± 1.2 

Wy 

W 

II 

«1< 

1.51  MeV 

130.7*  17.57 

1.1±0.1 

| ~,L  =2 

1.74  MeV 

196. 8±  13.89 

1 .7  ± 0.1 

f ,L=3 

2.21  MeV 

25  777  ± 2251 

7.8  ± 0.7 

24  836 

7.5 

f.L  =3 

2.52  MeV 

36  603  ±2818 

11.1  ±0.9 

25  764 

7.8 

(f  ,n.L=  3 

2.86  MeV 

50536  ±5000 

15.3  ± 1.5 

30160 

9.2 

<r.|"),L  =2 

[over] 

3.1  MeV 

• 144. 6±  11.66 

1.2  ±0.1 
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TABLE  IV.  Electron  scattering  form  factors  for  **Y. 


Level 

Incident 

energy 

(MeV) 

Lab  scattering 
angle 
(deg) 

1 

(fm*‘) 

LFI1 

Standard 

deviation 

<%> 

Ground 

120.85 

110.5 

1.005 

0.6027x10** 

0.9 

state 

100.87 

128.2 

0.919 

0.8147  x 10”* 

1.0 

1" 

101.17 

110.5 

0.842 

0.6544  xlO** 

0.8 

80.86 

128.2 

0.737 

0.9522x10"* 

1.1 

80.95 

110.5 

0.674 

0.1802  xlO*1 

0.4 

67.07 

128.2 

0.611 

0.3496  xlO-' 

0.5 

60.48 

128.3 

0.551 

0.8321  x 10*‘ 

0.5 

53.46 

128.3 

0.487 

0.1641 

0.4 

4S.42 

128.3 

0.414 

0.3258 

0.3 

1.51  MeV 

120.85 

110.5 

• e • 

... 

... 

N 

N 

100.87 

128.2 

• • • 

... 

• •* 

r 

101.17 

110.5 

0.836 

0.1463  xlO-4 

37.5 

80.86 

128.2 

0.730 

0.2769  xlO*4 

39.0 

80.95 

110.5 

0.667 

0.5404  xlO-4 

18.6 

67.07 

128.2 

0.604 

0.6197x  10*4 

24.1 

60.48 

128.3 

0.544 

0.9577  xlO*4 

13.5 

53.46 

128.3 

0.480 

0.8497  x 10*4 

12.4 

45.42 

128.3 

0.407 

0.8282  xlO*4 

17.4 

1.74  MeV 

120.85 

110.5 

... 

• • • 

• • • 

t- 

> 

CO 

100.87 

128.2 

... 

... 

... 

r 

2 

101.17 

110.5 

0.835 

0.2266  xlO*4 

20.8 

80.86 

128.2 

0.729 

0.6865  xlO*4 

18.3 

80.95 

110.5 

0.666 

0.1193X  10** 

8.5 

67.07 

128.2 

0.603 

0.1301  xlO*1 

10.5 

60.48 

.128.3 

0.543 

0.1427x10** 

7.2 

53.46 

128.3 

0.479 

0.1548x10“* 

8.0 

45.42 

128.3 

0.406 

0.1105x10** 

11.6 

2.31  MeV 

120.85 

110.5 

0.996 

0.1969x10'* 

4.5 

L -3 

100.87 

128.2 

0.909 

0.2645x10** 

7.8 

r 

101.17  ’ 

110.5 

0.833 

0.3397x10** 

2.9 

80.86 

128.2 

0.727 

0.3584x10** 

5.1 

80.95 

110.5 

0.664 

0.3334x10** 

3.4 

67.07 

128.2 

0.601 

0.3048x10** 

5.7 

60.48 

128.3 

0.541 

0.2478x10*’ 

5.0 

53.46 

128.3 

0.477 

0.1328x10** 

6.5 

45.42 

128.3 

0.404 

0.7320X  10*4 

15.5 

2.52  MeV 

120.85 

110.5 

0.995 

0.1883x10*’ 

4.8 

L *3 

100.87 

128.2 

0.907 

0.2926x10** 

7.3 

r 

101.17 

110.5 

0.831 

0.3498x10** 

2.3 

80.86 

128.2 

0.725 

0.3711x10'* 

4.5 

80.95 

110.5 

0.663 

0.3793x10** 

3.0 

67.07 

128.2 

0.600 

0.3286  x 10** 

5.1 

60.48 

128.3 

0.540 

0.2918x10** 

2.9 

53.46 

128.3 

0.476 

0.1593x10'* 

7.2 

45.42 

123.3 

0.402 

0.7639x  10*4 

12.9 

2.86  MeV 

120.85 

110.5 

0.994 

0.1158x10** 

7.7 

L >3 

100.87 

123.2 

0.906 

0.1772x10'* 

9.6 

<r«r> 

101.17 

110.5 

0.830 

0.2310x10'* 

4.1 

80.86 

128.2 

0.724 

0.2997x10'* 

5.4 

80.95 

110.5 

0.662 

0.3339x10'* 

3.6 

67.07 

128.2 

0.598 

0.2550  x 10** 

5.0 

60.48 

128.3 

0.538 

0.2357x10** 

4.5 

53.46 

128.3 

0.474 

0.1861x10*’ 

5.2 

45.42 

128.3 

0.401 

0.1158x10** 

8.9 

3.1  MeV 

120.85 

110.5 

. . . 

• • • 

• • • 

L =2 

100.87 

128.2 

... 

. . • 

• • • 

<r.r> 

101.17 

110.5 

0.829 

0.1007  xlO"4 

38.1 

80.86 

128.2 

0.722 

0.8593  xlO*4 

12.8 

80.95 

110.5 

0.661 

0.1056x10"* 

9.0 

67.07 

128.2 

0.597 

0.1260x10'* 

11.2 

60.48 

128.3 

0.537 

0.1256x10** 

8.9 

53.46 

128.3 

0.473 

0.6261  xlO*4 

15.2 

45.42 

128.3 

0.400 

0.1038x10"* 

11.1 

279 


REF. 


K.  Shoda,  M.  Sugawara,  T.  Saito,  and  H.  Miyase 
Nucl.  Phys.  A221,  125  (1974) 


ELEM.  SYM. 

Y 


89 


39 


method 


REF.  NO. 

74  Sh  6 


egf 


REACTION 

RESULT 

EXCITATION 

ENERGY 

SOURCE 

OETECTOR 

ANGLE 

TYPE  RANGE 

TYPE  RANGE 

E,P 

ABX 

10-  24 

D 10-  30 

MAG-D 

90 

1 

i 

1 

J 

1 


I 
I 


(tf,  e'p) 


Fig.  12.  Comparison  of  photoproton  cross  sections  of  **Y.  (a)  Present  result,  (b)  Ref.  T).  (c),  (d) 
Theoretical  estimates,  refs. 13*  “)  respectively. 


Table  5 


Nucleus 

EM 

(MeV) 

E, 

(MeV) 

EtM")  r r9l  •) 

(MeV)  1y~p 
(eV) 

feV)  2{T+\)Irl) 

(P.Vo) 
data  ry 

(eV) 

»o2r 

14.5 

6.0 

o (}-) 

26 

26  s) 

0.076 

> 30*) 

16.3 

7.9 

0 (**) 

74) 

126 ') 

16.3 

6.3 

1.51  (|-) 

52) 

0.26 

> 60  *) 

89y 

13.0d) 

5.9 

0 (0+) 

13 

13  s) 

0.13  ') 

I8±3S) 

14.5  «) 

7.3 

0 (0+) 

16 

16  s) 

0.14f) 

11±2S) 

15.9  d) 

8.7 

0 (0  + ) 

42 

42  s) 

0.68 r) 

40±8") 

-Sr 

17.1 

6.5 

0 (4-) 

9.5 1 

14  c> 

17.1 

5.6 

0.85  ((*-)) 

4.9) 

0.029 

•- 

17.3 

6.7 

0 (■}') 

30  , 

48  ') 

17.3 

5.9 

0.85  ((!*)) 

•8  I 

0.094 

- VK,  vA^uuit.111  aic  inown  in  me  last  column. 

*)  The  errors  may  be  * 30%  (for  "Zr.  -Sr)  and  * 50%  (for  89Y)  including  the  uncertainty 
of  the  process  to  separate  the  proton  group. 
rnjr  = 1 was  assumed. 

')  (f  ’p0  = I was  assumed. 

d)  J"  - i*  was  assigned  as  shown  in  table  3. 

')  J"  — i*  was  assigned  as  shown  in  table  3. 

?h  frrrVT  the  spectroscoPic  f“ct0™  the  ground  state  and  the  excited  state 

with  the  data  of  the  (He  , d)  and  (d,  p)  reactions  respectively 
•)  Ref.  l7). 

")  Ref.  6). 


I 

I 

I 


I 

1 

n 

i 


i 

i 


(over) 


U.S.  DEPARTMENT  OF  COMMERCE 
NATIONAL  0UREAUOF  STAnOAROS 


P 

P 


m 

m 


280 


P.  Paul,  Proc.  nuclear  structure  studies  using 
electron  scattering  and  photoreaction,  ed.  K.  Shoda 
and  H.  U1  (Research  report  of  Lab.  Nucl.  Sci.  Tohoku 
Unlv.  5,  1972)  p.343. 

7P.  Paul,  Proc.  Int.  Gonf.  on  photonuclear  reactions 
and  applications,  ed.  B.L.  Berman  (Lawrence  Livermore 
Laboratory  Unlv.  of  California,  1973)p. 407. 

^T.A.  Hughes  et  al.  , Phys.  Rev.  C3  (1971)  1950. 

16J.  D.  Vergados  et  al.  , Nucl.  Phys.  A 168  (1971)  225. 

27J.L.  Black  et  al.  , Nucl.  Phys.  A92  (1967)  365. 


281 


R.  R.  Whitney,  I.  Sick,  J.R.  Ficanec,  R.D.  Kephert,  end 
V.P.  Trower 

Phye.  Rot.  C9,  2230  (1974) 


CL  m.  SYM. 


89 


* 


39 


1 


MCTHOO 


REF.  NO. 

74  Wh  3 


RE  ACTION 

RESULT 

EXCITATION 

CNEROT 

SOURCE 

OETECTOR 

ANCLE 

TYRE  NANUS 

E»S/ 

ABZ 

0-300 

D 500 

MAG-D 

60 

=1 


I 

I 

I 


See  further  analysis  of  this  data  in  reference  79Zil 


QQASI ELASTIC  SCAT 


.... 

“l 

1 10 

" i 

<W 

-20h  w 

- 

109 

"lr-  *s- 

' 

,07 

- I6r 

" 

- J-Ll-C 

-jo* 

-i  ‘*1- 

V 

IQS 

- io  r 

-i  oah  A 

Nj **»».•»  y 

\ -Q6^ 

i 02 

'X  / 

\ 

Ql 
— J 0 

V,  i 02 

\ •» 

I 


0 

1 

O 


1 1 1 - ....  T , 

s 

1 r™  i ; 

(* 

***  1 

J\  \ 

4 

3 

i 

! 

t'''T  \ ' 

2 

^4K“1mX 

■%/f  \ - 

1 

0 

jJ*  n « ! 

I 


I 


. <•) 

■ .1 

- 

s 

Jf 

*1 1 1 1 f V/ 

r\\  // 

■ X'V/ 

▼ 

\/ 

V ^ 

— 1 — 

V*  " 

9 

I 


E*  (MeV) 


FIG.  I.  The  measured  quasielastic  peaks;  the  errors  on  the  data  points  do  not  Include  an  over-all  3%  normalization 
uncertainty.  The  solid  curve  is  a fit  by  the  Fermi-gas  model  which  yielded  kf  (in  MeV/c)  and  e (in  MeV)  as  follows: 
(a)  *Ii  (169,  17);  (b)  12C  (221,  25);  (c)  24Mg  (235,  32);  (d)  4aCa  (249,  33);  (e)  aINl  (260,  36);  (f)  **Y  (254,  39);  (g) 
*’Sm  (260,  42);  (h)  utTa  (265,  42);  (i)  20*Pb  (265,  44).  The  fitting  uncertainty  in  kp  is  *5  MeV/c  and  in  ? it  Is  ±3 
MeV.  The  small-amplitude  dashed  curve  is  the  s-wave  ^-production  contribution,  the  dot-dashed  curve  is  the  isobar 
excitation,  and  the  large-amplitude  dashetj  curve  is  the  total  result. 


9 

9 


(over) 


9 

i 


fORM  NSS-41S 

IRtV.  T-I4.UI  ‘ 

USCOMM.OC  2A010.P44 


PHOTONUCLEAR  DATA  SHEET  282 


U.S.  DEPARTMENT  OF  COMMtPCc 
NATIONAL  BUREAU  OF  3 T A .N  O A fl  O S 


H 


; s 

I 

x 

: s 


I *4 

* h 

o 


1 


s < 


$ * 
s < 
& 


fl 

* 


> 3 

a < 


a 


»• 

IF* 

* 


»< 

S 4 

a 


a 

£ 


_ * 

■J  < 


. > 
Cll  o 


m»  t»  is  Ifl  o M IS  is 


(O  IO  «3  to 


ia  ia  u io  a m 


X 

A 

OO 

X 

X 

A 

A 

CO 

X 

X 

X 

X 

X 

44 

<30 

p» 

A 

O 

X 

X 

X 

e» 

A 

o 

X 

x 

e- 

44 

4* 

44 

44 

44 

44 

CM 

A 

o 

A 

CO 

CO 

CO 

CO 

cp 

X 

X 

X 

A 

A 

CM 

X 

X 

X 

X 

X 

X 

X 

X 

X 

b 

o* 

b 

b 

o 

b 

b 

o 

o 

O 

o 

o 

o 

o 

o 

o 

b 

o 

o 

o 

o' 

o 

O 

o' 

b 

o' 

o’ 

o 

o 

o 

o 

o* 

4* 

4* 

# 

4* 

4» 

e- 

o 

X 

X 

A 

4l 

A 

# 

X 

X 

X 

A 

X 

o 

X 

X 

o 

o 

X 

X 

44 

A 

* 

# 

o 

oo 

40 

a 

# 

r- 

CM 

40 

• 

r- 

X 

X 

o 

A 

X 

44 

X 

X 

• 

X 

X 

X 

• 

C* 

A 

• 

p-> 

X 

e-j 

X 

• 

X 

X 

A 

A 

p^ 

A 

• 

• 

► 

b 

4 

N 

* 

m 

« 

01 

* 

x 

X 

X 

C- 

C- 

X 

X 

X 

X 

X 

«• 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X* 

x 

10 

10 

10 

10 

10 

10 

X 

10 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

40 

o 

4* 

4* 

X 

10 

40 

o 

4* 

e» 

X 

X 

X 

CO 

o 

o 

A 

X 

X 

S 

A 

X 

X 

X 

X 

X 

o 

o 

X 

p- 

X 

- 

X 

O 

44 

44 

*4 

44 

44 

CM 

CM 

A 

A 

CM 

CM 

CO 

CO 

X 

X 

A 

A 

A 

A 

CM 

A 

A 

A 

A 

X 

X 

X 

X 

O 

b 

b 

b 

o 

o 

o* 

o* 

o’ 

o' 

o 

o 

o* 

o' 

o' 

o* 

o* 

o' 

o* 

o* 

o* 

o' 

o 

o 

o* 

o’ 

o' 

o’ 

o’ 

o 

o 

b 

o 

rtl 

40 

■4* 

o 

e» 

« 

X 

5 

X 

A 

X 

A 

X 

e- 

e* 

A 

^4 

A 

4* 

X 

X 

A 

A 

A 

C4 

X 

X 

p» 

A 

A 

p- 

• 

• 

o 

10 

e» 

• 

e» 

X 

44 

• 

A 

X 

X 

A 

CO 

X 

C-; 

A 

X 

X 

4* 

A 

• 

X 

44 

• 

X 

A 

A 

X 

• 

X 

X 

X 

X 

X 

X 

X 

* 

p* 

4* 

4l 

CM 

40 

40 

X 

4* 

X 

X 

X 

X 

X 

f 

e* 

f 

c* 

X 

‘ 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

- 

00 

o 

O 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

4M 

04 

o 

s 

s 

44 

CM 

X 

X 

e» 

X 

A 

A 

44 

CO 

44 

A 

A 

X 

c» 

X 

x. 

X 

X 

X 

X 

X 

A 

o 

o 

A 

A 

X 

b 

b 

o’ 

b 

o* 

o* 

o* 

b 

b 

o' 

o* 

o' 

o' 

o' 

o* 

o* 

o 

o* 

o' 

o* 

o* 

o 

b 

o* 

b 

o* 

o* 

o’ 

O* 

b 

o* 

b 

b 

o* 

Cl 

10 

a 

e* 

p- 

X 

o 

o 

A 

X 

X 

X 

X 

A 

A 

e- 

A 

X 

X 

X 

A 

X 

X 

X 

O 

A 

X 

p- 

X 

s 

X 

X 

X 

A 

• 

• 

• 

« 

• 

X 

X 

• 

• 

CM 

e- 

X 

X 

A 

A 

X 

X 

CO 

CO 

X 

A 

X 

A 

X 

X 

X 

X 

o 

e* 

X 

44 

e- 

A 

X 

A 

f 

A 

A 

X 

40 

•4 

X 

X 

X 

X 

•4 

X 

X 

X 

X 

X 

A 

X 

A 

X 

X 

crs 

x 

x 

X 

10 

10 

10 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

r» 

10 

o 

10 

o 

(0 

t* 

X 

o 

A 

o 

- 

A 

X 

X 

X 

X 

X 

X 

c- 

X 

X 

X 

X 

X 

X 

A 

A 

X 

X 

X 

X 

X 

X 

X 

X 

P4 

X 

o 

b 

o’ 

o' 

o’ 

o* 

o 

o’ 

o* 

o* 

o’ 

o' 

o’ 

o’ 

o’ 

o* 

o 

o* 

o' 

o* 

o' 

o' 

o' 

o' 

o* 

o’ 

o* 

b 

o 

o 

O 

o* 

o’ 

o 

o 

o 

o 

b 

(0 

00 

f 

« 

a 

o 

44 

X 

A 

X 

A 

X 

X 

A 

X 

X 

X 

X 

f 

44 

A 

o 

X 

p- 

X 

p- 

X 

X 

A 

X 

44 

t- 

• 

00 

(0 

• 

o 

o 

« 

A 

44 

CO 

op 

O 

CO 

X 

A 

o 

o 

44 

A 

O 

o 

c- 

X 

X 

A 

44 

O 

X 

X 

X 

A 

A 

44 

A 

A 

« 

X 

e- 

- 

x 

10 

"• 

** 

44 

CM 

CM 

CM 

CO 

CO 

X 

CO 

X 

X 

X 

X 

X 

X 

X 

CO 

X 

X 

X 

cs 

A 

A 

A 

44 

A 

A 

A 

A 

A 

A 

CM 

x 

x 

O 

o 

CO 

x 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

t- 

a 

PJ 

44 

t» 

X 

X 

c- 

MB 

o 

X 

A 

A 

o 

o 

44 

44 

44 

o 

44 

A 

A 

CO 

X 

c- 

e» 

c- 

<o 

X 

X 

A 

A 

O 

O 

A 

a 

« 

X 

X 

o 

o 

o 

O 

o 

O 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

O 

O 

o 

44 

44 

-4 

b 

o 

o 

o 

O 

o 

o 

o 

O 

o 

o 

o’ 

o' 

o 

o 

o 

o 

o 

O 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

O 

o 

o 

b 

b 

a 

o 

o 

o 

CM 

CM 

A 

o 

X 

X 

A 

X 

A 

A 

A 

X 

A 

A 

X 

X 

X 

X 

X 

r» 

o 

A 

o 

A 

c- 

o 

A 

X 

X 

A 

M 

• 

A 

X 

• 

o 

A 

O 

44 

4* 

X 

e- 

o 

CO 

A 

X 

c- 

X 

X 

X 

X 

X 

X 

A 

o 

A 

X 

e- 

X 

X 

X 

A 

X 

X 

A 

X 

M- 

X 

*• 

91 

■4* 

p» 

X 

m 

44 

** 

44 

A 

A 

a’ 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

44 

4M 

44 

44 

44 

44 

44 

X 

<0 

<0 

x 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

x~x 

X 

X 

X 

X 

X 

X 

X 

X 

10 

p- 

P-. 

X 

X 

X 

X 

e» 

00 

X 

X 

f 

X 

t- 

X 

X 

o 

A 

X 

X 

X 

44 

44 

X 

X 

44 

CM 

CO 

O 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

X 

X 

X 

X 

X 

X 

X 

X 

X 

o 

o 

o 

o' 

o 

o 

o 

o 

b 

o' 

o’ 

o 

o 

o 

o 

o 

b 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o’ 

!t 

o 

p- 

4* 

CM 

CM 

X 

X 

X 

X 

X 

X 

X 

c- 

44 

c- 

X 

C- 

X 

X 

e* 

X 

X 

A 

44 

A 

. 

e* 

M 

X 

r» 

44 

CO 

X 

e- 

X 

A 

o 

o 

X 

X 

X 

X 

A 

A 

p- 

X 

X 

X 

X 

c» 

P- 

A 

o 

. 

• 

• 

• 

a 

* 

X 

X 

X 

44 

— 

— 

A 

• 

A 

• 

** 

4 

• 

A 

A 

X 

X 

* 

X 

X 

A 

A 

A 

• 

o 

(0 

o 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

M 

V0 

a 

O 

X 

X 

X 

A 

X 

s 

s 

X 

X 

§ 

X 

X 

X 

X 

X 

3 

0D 

A 

A 

A 

X 

X 

X 

A 

A 

A 

A 

A 

•4 

44 

A 

CM 

CM 

CM 

CM 

CO 

o 

o 

o 

o 

o 

o 

o 

X 

X 

A 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

o' 

o 

o 

o 

O 

o’ 

o' 

o 

O 

o 

o 

o’ 

o' 

o’ 

o 

o 

o' 

o 

o 

o 

o 

o' 

o 

o 

o 

o 

o 

o' 

o 

o 

O 

O 

o’ 

o 

44 

x 

«» 

X 

o 

n 

o 

X 

A 

A 

X 

CO 

A 

A 

X 

X 

A 

X 

c- 

X 

X 

A 

c» 

A 

A 

X 

A 

44 

X 

• 

x 

a 

X 

A 

• 

— • 

CM 

X 

CO 

c» 

O 

o 

44 

A 

CO 

CO 

X 

X 

X 

A 

o 

X 

X 

• 

o 

o 

X 

• 

X 

44 

X 

X 

X 

o 

A 

— 

*• 

CM 

CM 

4* 

X 

X 

p- 

X 

*■* 

44 

** 

*™ 

4 

4 

A 

00 

X 

X 

X 

X 

X 

X 

X 

X 

X 

b 

e- 

e» 

r» 

x 

o 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

Ti 

N 

X 

- 

A 

O 

P» 

o 

A 

X 

X 

A 

A 

X 

X 

X 

X 

A 

X 

X 

X 

X 

44 

OO 

X 

X 

X 

X 

X 

X 

X 

X 

A 

4# 

X 

s 

o 

O 

o 

o’ 

o' 

o’ 

o' 

o’ 

o’ 

o' 

o 

o 

o' 

o' 

o’ 

o’ 

o’ 

o 

o' 

o’ 

o’ 

o 

o’ 

o’ 

o’ 

b 

b 

o’ 

o 

o’ 

o’ 

o’ 

o 

o’ 

CM 

x 

X 

o 

X 

A 

A 

X 

X 

X 

X 

A 

A 

X 

C* 

X 

X 

A 

<30 

X 

3 

X 

X 

X 

A 

X 

X 

A 

1- 

O 

c» 

ra 

N 

CM 

CM 

X 

A 

p- 

e- 

4* 

A 

co 

O 

A 

A 

X 

A 

X 

A 

A 

X 

c~ 

X 

A 

X 

X 

o 

X 

A 

A 

A 

X 

— 

** 

X 

A 

-• 

CM 

CM 

CO 

4* 

X 

X 

X* 

f 

X 

C- 

X 

X 

X 

X 

X 

• 

X 

X 

• 

X 

A 

A 

A 

* 

A 

A 

A 

A 

A 

A 

«’ 

c- 

c- 

r» 

C* 

e» 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

o 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

a 

O 

r- 

X 

X 

X 

o 

X 

CM 

4* 

C* 

X 

A 

X 

X 

c- 

X 

A 

o 

o 

A 

A 

A 

CO 

CO 

A 

A 

o 

- 

X 

X 

p- 

o' 

o’ 

o' 

b 

o’ 

o’ 

o* 

o 

o’ 

o’ 

o’ 

o 

O 

o’ 

o’ 

o’ 

o' 

o' 

o' 

o’ 

o' 

o' 

O* 

o’ 

o’ 

o’ 

o 

o* 

o* 

o’ 

o’ 

o’ 

# 

N 

A 

X 

CM 

• 

X 

CM 

# 

CM 

X 

X 

X 

X 

X 

o 

X 

X 

o 

A 

X 

3 

X 

O 

X 

X 

X 

o 

X 

e- 

X 

X 

® 

• 

P- 

*4* 

A 

O 

X 

^4 

CO 

• 

44 

X 

X 

• 

44 

X 

C- 

X 

X 

X 

X 

A 

X 

• 

44 

• 

X 

X 

o 

- 

A 

A 

44 

A 

X 

X 

•-4 

N 

CM 

10 

X 

CM 

CM 

CO 

X 

X 

X 

X 

X 

X 

X 

A 

A 

A 

44 

" 

44 

** 

44 

44 

»4 

- 

O 

o 

o 

O 

O 

o 

a 

o 

CM 

o 

CO 

4» 

X 

o 

C» 

C» 

A 

o 

o 

A 

X 

X 

X 

o 

f 

<o 

o 

A 

A 

A 

X 

o 

X 

X 

p- 

A 

A 

o 

A B 

o 

X 

o 

X 

o 

40 

o 

4* 

o 

4* 

o 

4* 

4* 

3 

o 

X 

X 

X 

X 

o 

X 

X 

X 

X 

o 

X 

X 

o 

X 

X 

X 

X 

o 

X 

X 

X 

X 

o 

p- 

p-*  n 

x 

x 

X 

•4* 

■4* 

4* 

4* 

4* 

4* 

X 

X 

X 

4* 

4* 

4* 

CO 

CO 

CO 

CO 

X 

X 

X 

X 

& 

X 

X 

X 

X 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

£ 

283 


REF.  K.  Shoda,  H.  Miyase,  M.  Sugawara,  T.  Saito,  S.  Oikawa, 

A.  Suzuki,  J.  Uegakl 
Nucl.  Phys.  A239 , 397  (1975) 

ELEM.  SYM. 

Y 

A 

89 

z 

39 

METHOD 

REF.  NO. 

75  Sh  4 

egf 

REACTION 

RESULT 

excitation 

ENERGY 

SOURCE 

oetector 

ANGLE 

TYPE  RANGE 

TYPE  RANGE 

E.P 

ABX 

15-  24 

D 14-  25 

MAG-D 

90 

El  virtual  photon  spectrum  used  to  obtain  (y,p)  cross  sections. 

Fig.  3.  Differential  (y,  p)  cross  sections  at  0 = 90°  analysed  from  (c,  e'p)  cross  sections  by  the  least- 

structure  method. 


15 

K.  Shoda  et  al.,  Nucl. 
Phys.  A221  (1974)  125 
18  = 

A.  Lepretre  et  al.,  Nucl. 
Phys.  A175  (1971)  609 


Fig.  5.  Upper  figure:  open  circles.  <j(y,  p);  dosed  circles,  a(y,  n)  [ref.  **)1;  closed  points,  <j (y,  p0) 
(ref.  *5)];  solid  line,  Lorentz  line  fit  to  the  r<  region  of  <j(y,  n)  [ref.  *•)];  dotted  line,  Lorentz  line 
fit  to  the  r<  region  of  a(y,  p)  with  r,  and  E%  equal  to  those  of  a(y,  n).  Lower  figure:  ratio  between 
cross  sections.  Dotted  line:  constant  for  a(y,  p )l<r(y,  n)  determined  around  T<  GDR. 
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Table  1 


ISOMER  RATIO 


Experimental  and  theoretical  results 


Process 

Target- 

spin 

(5/) 

Ti 

Spin 

high 

Spin 

low 

ai9W 

SCOP  (A) 

,,,Ta(y,  3n) 

i* 

93 

2.2  h 
9.31  min 
8.15  h 

7- 

1* 

0.51  ±0.09 

3.6  ±0.2 

141Nd(y,  n) 

0 ♦ 

753 

63  s 

i* 

0.055=0.006 

2.20  ±0.06 

1100-1300, 

2.3  h 

0.19  ±0.01*) 

145 

”Mo(y,  n) 

0* 

6523 

66s 

»♦ 

i~ 

1.03  ±0.21 

5.03  ±0.75 

1208,  1508, 

15.49  min 

0.85  ±0.07*) 

415 

1581.  1637 

1.92  ±0.15*) 

tHMo(y,  a) 

0* 

97.3 

16.8  /is 

r 

i* 

0.85  ±0.24 

1.72  ±0.25 

140.5 

66.02  h 

1#,Pd(y,  n) 

0 ♦ 

214.5 

22s 

*♦ 

0.5  ±0.2 

3.4  ±0.5 

P- 

115 

850  ns 

“*Pd<y,n) 

0* 

188 

4.7  min 

i* 

0.11  ±0.02  - 

3.14±0.15 

113 

390  ns 

i* 

0.41  ±0.09 

3.0  ±0.25 

87.7 

13.47  h 

»♦ 

*♦ 

3.2  ±0.7 

3.3  ±0.4 

: **Y(y.a) 

*- 

231.7 

14.2  ms 

8* 

1 ♦ 

0.056  ±0.008 

442.3 

392.5 

300  /is 

•)  Ret 14).  •)  Ref.  **).  ^P.E.  Haustein  et  al . , J.  Inorg.  Nucl.  Chem.  33,  289  (1971) 

^J.  H.  Carver  et  al.,  Nucl.  Phys.  27_,  449  (1962) 
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NUCLEAR  REACTIONS  89Y(<?,<?').  £0=92  3 MeV.  Me?«urvl  j'.-'ditdF-,  hound 
and  continuum  states.  Deduced  multipolarity  A,  reduced  matrix  element  B ( E.U , 
radiative  width  rj,  sum  rule  exhaustion,  single  particle  strength,  and  total 
width  of  the  continuum  and  clustered  states. 

_ J 

(92.5) 

FIG.  3.  Relative  DWBA  cross  section,  calculated 
using  the  Goldhaber- Teller  model,  as  fitted  to  the 
experimental  cross  sections  for  the  resonance  at  14 
MoV  with  a width  of  ["=4.3  MeV.  The  comparison  rules 
cut  any  assignment  other  than  E2. 


BiG.  It).  Relative  DWBA  cross  section  using  the 
Ihaber-Tellcr  model  as  compared  with  the  cluster  of 
concentrated  around  7 and  3 MeV.  The  compan- 
" f'-\'jrs  an  £3  assignment  for  these  states.  The  large 
’ T:,’~  at  the  lower  momentum  transfer  is  due  to  the  sub- 
-'-.un  of  the  ghost  peak. 


FIG.  9.  Relative  DWBA  cross  section  using  the  C->id- 
haher- Teller  model  as  compared  with  the  resonance  at 
2d  MoV  assuming  a width  of  r - 3 MeV.  The  compari- 
son shows  that  the  cross  section  in  this. region  is  pre- 
dominantly £2  with  the  possibility  of  some  £3  contribu- 
tion. 


FIG.  11.  Relative  DWBA  cross  section  calculated  with 
the  Gotdhaber- Teller  model  for  the  structure  at  13.3 
Vf*v  with  a width  of  1.2  MeV.  Comparison  with  experi- 
ment favors  an  £3  assignment.  ,U2  assignment  would  be 
possible,  too,  but  was  not  considered  seriously  possible, 
due  to  the  great  A/2  strength  necessary  to  explain  the 
data. 
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TABLE  I. 

Comparison 

of  some  results  for  the  £1  (GDR)  resonance  in  .V 

= 50  nuclei. 

Kef. 

£)  CTeV) 

T (MeV) 

A f.i)‘ 

Method 

Nucleus 

22 

16.79 

3.95  ± 0.06 

87  ±6 

(Y.n) 

!*y 

23 

16.74 

4.1  ±0.1 

111±  5 

(y.n) 

**Y 

5 

16.65 

4.0 

107  ± 32 

(e.e') 

MZr 

9 

• ••  b 

4.0 

113  ± 25 

( e.e ') 

,0Zr 

This 

16.6 

3.9  ±0.2 

104  ± 10 

le.e') 

8^y 

work 

•a  =£,£(£!)/ EYYSR(£1,  AT 

= l)x  100. 

bThe  authors  used  the  (y, 

n)  value. 

5S.  Fukuda  and  Y.  Tortzuka,  Phys.  Rav.  Lett.  29,  1109 
(1972). 

*3.  Fukuda  and  Y.  Tortzuka,  Phys.  Lett.  62B,  146  (1976) 
“B.  L.  Berman,  J.  T.  Caldwell-,  R.  R.  Harvey,  M.  A. 
Kelly,  R.  L.  Bramblett,  and  3.  C.  Fultz,  Phys.  Rev. 
162,  1099  (X967). 

aA_ Leprltre.  H.  Bell,  R.  Berg«re,  P.  Carloa, 

A.  Veysslire,  and- M.  Sugawara,  Nucl.  Phys.  A175, 

609  a971).  __ 


TABLE  II.  Compilation  of  some  results  for  the  £2  (AT  = 0)  resonance  in  ,V»50  nuclei. 


Ref. 

£,  (MeV) 

T (MeV) 

A Cl)1 

Method 

Nucleus 

5 

14 

4.8  ± 0.6 

56  ± 17 

(a, a') 

’"Zr 

6 

14.5  ± 0.3 

4.0  ± 0.2 

54  ± 15 

(a. a') 

«Zr 

8 

14* 

4.5* 

84 

(c  ,#') 

*°Zr 

40 

13.8  ± 0.2 

3.2 

24  ± 5 

(p./>'> 

®Y 

This 

14. 0±  0.2 

4.5  ±0.4 

56  ± 6 8 

(e.e') 

*Y 

work 

} 4R-£1B(£2)/EWSR(AT=0,£2)  x 100. 

f*  Values  were  taken  from  Ref.  41. 

•The  rms  radius  A =4.27  fm  of  Ref.  13  was  used  for  calculating  the  sum  rule  yielding  an 
EWSR  (£2,  AT  = 0)  of  25  800  MeVfm4. 


| 

I 

I 

l 


*3.  Fukuda  and  Y.  Tortzuka,  Phys.  Rev.  Lett.  29,  1109 
(1972). 

*D.  H.  Youngblood,  J.  M.  Moss,  C.  M-  Rozaa,  J.  D. 
Branson,  A.  D.  Bsc  her,  and  D.  R.  Brown,  Pliys.  Rev. 

C 13,  994  (1976). . 

Tg.  Fukuda  and  Y.  Tortzuka,  Phys.  Lett.  62 B,  146  (1976). 
inN\  Marty,  M.  Morlct,  A.  Willis , V.  Comparat,  and 
R.  frascaria,  Nucl.  Phys.  A238,  93  (1975). 


TABLE  III.  Compilation  of  results  for  the  £2  (AT=  1>  resonance  in  some  N = 50  nuclei. 


Ref. 

£,  (MeV) 

T (MeV) 

A (*)* 

Method 

Nucleus 

5 

27 

• • • •* 

23 

(e.e') 

**Zr 

8 

26 

7 

73 

Ur, a') 

MZr 

43 

... 

*40  * 

<P.y) 

**Zr 

This 

28. 0±  0.5 

10 

82  ± 10 

(a, a') 

**Y 

work 

8 

57  ± 6 

7 

48  ±5 

*A  = £,£(£2)/EWSR(AT=  l,£2)x  100.  The  AT=  1 sum  rule  Is  connected  with  that  of  Table  II 
by  a factor  of  S/Z- 

'The  value  for  the  sum  rule  percentage  depends  on  the  coupling  used  for  the  model. 


*3-  Fukuda  and  Y.  Tortzuka,  Phys.  Rev.  Lett.  29,  1109 
(1972). 

*3.  Fukuda  and  Y.  Tortzuka,  Ffcys.  Lett.  62B,  146  (1976) 
«F.  S.  Dietrich,  D.  W Heikkinen,  K.  A.  Snover,  and  J 
K.  Ebisawa.  Phys.  Rev.  Lett.  33,  156  (1977). 


TABLE  VI.  Compilation  of  all  the  results  from  this  e>cperiment. 


£,  (MeV) 

£,  U*,/J  MeV) 

T (MeV)4 

B (fm:i) 

A (%)* 

r*  (eV) 

spu 

A 

AT 

2.6 

... 

1.0*  0.2 

( 1.12±  0.15)  x 10s 

15  ±3 

5.3  x lor* 

34 

3 

0 

4.0 

• • • 

1.0±  0.2 

700  ± 140 

11  ± 3 

1.2  x to*1 

6 

2 

0 

6.75 

30 

1.0  ± 0.2 

(16.5  ±3.0)  xlO1 

6 ± 1 

6.2  x 10~* 

5 

3 

0 

8.05 

36 

1.2  * 0.2 

(16.5  ±2.S)  x lCr* 

7 ± 1 

2.1  x lO"3 

5 

3 

0 

13.5 

60 

1.2  ± 0.2 

( 4.4  ± 1.0)  x !0* 

2.5  ± 0.6 

2.1  x 10*J 

1.4 

3 

1 

14.0 

63 

4.5±  0.4 

1040  ± 103 

56  ± 6 

9.0  x 101 

8.8 

2 

0 

16.6 

74 

3.9  ± 0.2 

20.5  ±2.0 

104  ± 10 

3.3  x 104 

5.3 

1 

X 

28.0 

125 

r=  7 

565  ± 65 

48  ± 5 

1.57  x 103 

4.8 

r=  8 

670  ± 80 

57  ± 6 

1.86  x 103 

5.6 

2 

1 

r = io 

960  t 130 

==-  V — 

82  ± 10 

2.67  x 103 

8.1 

‘The  width  may  be  either  the  width  of  the  enveloping  curve  of  unresolved  discrete  states  or  the  width  of  a coherent 


resonant  state.  / 

“«=£,£(£>)/  ElVSR(£X,AT)x  100. 
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Analysis  is  made  of  reactions  interfering  with 
photon  activation  analysis  procedures. 


The  activation  yield  curves  have  been  presented  for  a number  of  photonudear  reactions  in  the  energy  range  from  30  to 
68  MeV,  in  order  to  evaluate  quantitatively  the  interferences  due  to  competing  reactions  in  multielement  photon  activation 
analysis.  The  general  features  of  the  yields  as  functions  of  both  target  mass  number  and  excitation  energy  were  elucidated 
from  the  data  obtained,  discussion  being  given  on  the  results  in  terms  of  the  reaction  mechanism. 

Simultaneous  neutron  activation  due  to  appreciable  neutron  production  from  the  converter  and  surrounding  materials 
has  also  been  studied,  and,  finally,  the  magnitudes  of  interferences  in  real  multielement  analysis  were  given  in  the  form 
of  their  energy  dependences. 


Nr 

Fig.  2.  Yield  per  equivalent  quanta  versus  target  neutron  num- 
ber. 


Fig.  7.  Activation  yield  curves  for  the  reactions  on  Y.  Zr.  Nb 
and  Mo. 

♦ 89Y(y,  n)88Y.  O wZr(y.  n)J,Zr.  O wZr('/.  pni88 Y. 
d 93Nb(y,  n)92mNb. ▲ 93Nb(y,  an)88  Y.  B 100 Mot y,  n)99  Mo. 
O 97 Mot y.  p)96Nb,  2 94Mo(y,  p),imNb.O  94Mo(y,  pn>9:mNb, 
□ 92  Mot y,  2n)90Mo.7  94 Mot y,  an)89Zr. 


-OfiM  N3S-4I8 


(over) 


C mu  ( M «V  ) 


Fig.  9.  Yields  of  the  (y.  n)  reactions  as  a function  of  brems- 
strahlung  maximum  energy  and  target  mass  number.  The 
numerical  values  in  the  figure  are  yields  per  equivalent  quanta 
in  mb. 
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Analysis  of  data  in  reference  5. 


POLARIZED  PROTONS 


Measurements  of  cross  sections  and  analyzing  powers  are  examined  for  polarized  proton  capture  on  “C, 
“Si,  “Fe,  34 Fe.  5,Fe,  3’Co,  and  “Sr  at  energies  which  cover  the  giant  dipole  resonance  region.  These  data 
are  used  to  extract  the  relative  amplitudes  and  phases  of  the  contributing  £1  T -matrix  elements.  A typical 
result  exhibits  two  solutions.  Calculations  using  the  direct  (or  a direct-semidirect)  capture  model  appear  to 
provide  a means  for  choosing  the  physical  solution. 


’NUCLEAR  REACTIONS:  t4C (/.>,).  5CSl(P,yt>.  !4Fe(p,ys  ),  MFe(p,y, ), 

MFe(/,  y, ),  i5Co (p,  y#  ),  **Sr(p , y0 );  measured  <7(01  and  A (0)  over  energy  region 
of  the  giant  dipole  resonance.  Deduced  T -matrix  amplitudes  and  phases.  Com- 
pare results  to  direct-semidirect  model  calculations. 


FIG.  1.  The  two  solutions  (dots  and  x’s)  resulting  from  a pure  £1  analysis  of  the  data  are  shown  along  with  the  results 
of  the  calculation  for  target  nuclei  of  14C,  MSr,  and  30Sl.  The  remaining  cross  section  in  the  case  of  l4C  and  nSr  is  due 
to  the  st/2  matrix  element.  In  the  case  of  J#Si  it  arises  from  the z matrix  element.  The  error  bars  represent  typi- 
cal statistical  errors  associated  with  the  data  points.  The  amplitudes  are  presented  in  terms  of  the  percentage  of  the 
total  cross  section  for  which  they  are  responsible.  The  curves  represent  DSD  calculations  as  described  in  the  text. 

The  dashed  curves  in  the  case  of  MSr  were  obtained  using  the  optical  model  parameters  of  Ref.  16  while  the  solid  lines 
were  obtained  from  the  parameters  of  Ref.  13. 
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Absolute  (ypj  and  (yf,)  differential  cross  sections  for  "Y  were 
between  13  and  24.6  MeV,  from  which  the  angular  distribution 
Legendre  polynomials.  In  these  cross  sections  we  observe  a number 
the  isobanc  analogs  of  known  1/2*  and  3/2*  excited  states  in 
maximum  around  21  MeV  excitatioif  energy  in  both  total  cross 
coherent  dipole  state.  From  the  angular  distribution  coefficients  in 
the  £2  photon  absorption  were  estimated  as  being  equal  to  22% 
weighted  sum  rule. 


measured  at  seven  angles  in  the  energy  interval 
coefficients  were  deduced  by  fitting  a sum  of 
of  isolated  resonances  which  can  be  identified  as 
the  "Sr  parent  nucleus.  The  appearance  of  a 
sections  may  indicate  the  existence  of  the  T „ 
the  Ir^o)  channel,  an  upper  and  lower  limit  for 
and  6%,  respectively,  of  the  total  £2  energy- 


"NUCLEAR  REACTIONS  "Yfy.pj).  (y ,pt),  £*13.0-24.6  MeV,  e-37-143’;' 
measured  <r(£;8 ) absolutely.  Deduced  a(£;pt);  £1,  £2  strengths. 

Isobar ic  analog  states,  tsospin  splitting.  Natural  target. 


the  results  deduced  from  the  ,8Sr(p,y0)  data  of  Paul 
et  al.  (Ref.  8);  the  bottom  half  of  the  figure  shows  the 
(y.A>)  cross  section  resulting  from  the  ( c,e'p ) experi- 
ment of  Shoda  et  al.  (Ref.  9). 

Only  statistical  shown,  systematic 
uncertainty  is  of  the  order  of  5%. 


FIG.  6.  The  angular  distribution  coefficients  a,  (£),  l 

~ 1 4,  as  a function  of  excitation  energy  for  the 

8*Y(y,/>0)  reaction. 


FIG. -7.  Upper  (open  circles)  and  lower  (dotted  points) 
limits  of  the  £2  contribution  to  the  ^Yfy.p,,)  photoab- 
sorption. 
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The  i9Y(y,p),(Sr  reaction  was  studied  at  various  bremsstrahiung  end  point  energies  in 
the  giant  dipoie  resonance  region.  Using  an  artificially  constructed  pseudomonoenergetic 
photon  spectrum,  it  was  possible  to  determine  the  absolute  cross  sections  for  various  pho- 
toproton reaction  channels.  From  the  direct  decay  cross  sections  the  proton  escape  width 
r;  of  the  r<  giant  dipole  resonance  was  derived;  its  value  amounts  to  0.30— 0.35  MeV. 
The  nondirect  contribution  equals  about  25%  of  the  total  energy-integrated  photoproton 
cross  section. 


[NUCLEAR  REACTIONS  89Y(y,p),  E = 14-24  MeV;  measured! 

<j(E)  absolutely.  Deduced  fj.  Natural  target.  j 


FIG.  6.  The  absolute  **Y (y,p)  cross  sections  for  the 
various  proton  channels  which  could  be  identified. 
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FIG.  7.  The  ratio  of  the  nondirect  to  the  total  cross 
section  for  the  S*Y  ( y,p)  reaction,  as  a function  of  excita- 
tion energy. 


II.  Integrated  cross  sections  for  the  various  photoproton  channels  observed  in  the 
i iy,p)  reactions. 
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Fig  1.  Gamma-ray  spectra  from  Y(n,y)  Y 

at  various  neutron  energies  plotted 

versus  residual  excitation  energy. 

The  spectra  are  normalized  to  nhe 

same  neutron  flux.  The  single-particle 

structure  of  i3  given  on  top  of 

the  figure. 
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Fig.  1.  Comparison  of  the  measured  spectra  from  the  reaction  9,*Y(n.  7)MY  and  those  predicted  from 
the  direct-semidircct  (DSD)  capture  theory  at  neutron  energies  from  7.2  to  15.6  MeV.  The  theoretical 
spectra  were  computed  using  the  DSD  cross  section  predictions  with  a complex  interaction  for  7-ray 
transitions  to  the  single-particle  states  of  ,0Y  shown  on  top  of  the  figure.  The  cross  sections  were  multi- 
plied by  the  Nal(TI)  detector  response  function  and  corrected  for  /-ray  attenuation  and  detector  efficiency. 
The  observed  and  theoretical  spectra  were  normalized  to  each  other  in  the  region  corresponding  to 
excitation  energies  below  3.2  MeV.  The  GDR  parameters  used  are  given  in  the  text  while  the  interaction 
parameters  chosen  were  r,  = 75  MeV.  and  >r,  = 1 10  MeV.  The  data  at  neutron  energies  of  7.2.  8 3 and 
10.9  MeV  were  taken  with  the  TLU  system  while  the  higher  energy  data  were  taken  at  LASL 
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Kig.  3.  Experimental  (n.  ;•)  cross  sections  for  y-ray  transitions  to  the  two  2d,  . states  at  0 and  203  keV  in 
“'  Y and  the  integrated  cross  section  fory-rays  to  levels  below  F.y  = 4.5  MeV.  The  differential  cross  sections 
at  *K)  were  multiplied  by  4 r The  results  from  the  TLU  experiment  are  indicated  by  open  circles  and  the 
LASL  data  arc  shown  by  solid  circles.  The  solid  lines  represent  the  cross  section  predicted  from  the  DSD 
theory  using  a complex  coupling  function  for  the  particle-vibration  interaction. 


Fig  5 Detailed  comparison  of  (he  experimental  (n.  ; ) cross  sections  lor  ;-ray  transition,  to  the  ground 
state  doublet  of  “ A The  d.ii.i  ,nc  compared  tothe  predictions  of  the  DSD  model  using  various  particle 

vibration  interaction  functions 
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Abstract:  Gamma-ray  spectra  from  neutron  capture  in  natural  samples  of  strontium  and  yttrium  have 
been  recorded  at  various  angles  with  respect  to  the  direction  of  the  incident  neutron  flux.  Angular 
yields  have  been  observed  at  six  neutron  energies  in  the  range  7 to  1 1 MeV  using  time-of-flight 
techniques  to  improve  the  signal-to-baclcground  ratio.  The  '/-radiation  was  detected  by  a large 
Nal(Tl)  crystal  placed  in  a heavy  radiation  shield.  Certain  combinations  of  Legendre  polynomial 
coefficients  were  extracted  for  transitions  to  low-lying  single-particle  states  (2d„j  and  3sl<2)  in  the 
final  nuclei.  The  energy  dependence  of  the  angular  distribution  coefficients  indicates  interference 
between  the  electric  dipole  amplitude  and  amplitudes  of  opposite  parity.  The  results  are  compared 
with  theoretical  calculations  based  on  the  direct-semidirect  model. 


Fig.  2.  Angular  distribution  coefficients  o',  and  ,~J,  versus  neutron  energy  for  the  reactions  MSr(n.  y0)*',Sr 
(open  circles)  and  9°Y(n,  y(1-i-yl),',Y  (crosses)  The  curses  for  the  .V,  coefficient  represent  the  results  of 
theoretical  calculations  for  El  transitions  to  the  2d,  , state  in  ’“Sr  from  the  direct  (solid  fine)  and  DSD 

(dashed  line)  capture  models. 
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Although  zircon  was  frequently  used  by  the  ancients 
for  intagli  and  although  hyacinth  and  jargon  (semi- 
precious stones)  were  known  in  the  middle  ages,  the 
presence  in  these  minerals  of  an  unknown  metal  was 
not  suspected  until  near  the  end  of  the  eighteenth 
century.  The  earth  zirconia  was  overlooked  because 
of  its  great  similarity  to  alumin,  and  it  took  the 
analytical  skill  of  Klaproth  to  detect  it.  He  worked 
with  zirconium  silicate  in  the  form  of  semiprecious 
gemstones  from  Ceylon.  These  zircon  gems  derive  their 
name  from  the  Arabic  zargun  (gold  color),  and 
Klaproth  named  the  element  zirconium. 
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Angular  distribution: 

Y (0)  = a + b sin%  (l  + p cos  0)^ 

where  a = 2*1  ±8;  b = 7^±l4; 
p = 0.2  ±0.1  and  b/a  = 3.1±1.2. 


Yield  (Ep  > 8 MeV): 

(2.6±0.6)  105  protons/mole-r. 

Yield  (3.7  < Ep  < l^):  (29±3)  105 
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Fig.  1.  Comparison  o f theoretical  and  experimental 
data  tor  the  (y.n)  reaction. 
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Fig.  2.  Comparison  of  theoretical  and  experimental 
data  for  the  (y,p)  reaction. 


Fig.  3a.  Energy  distribution  of  photoprotons  at 


Fig.  3b.  Energy  distribution  of  photoprotons  at 
25  MeV. 
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Fig.  4.  Angular  distributions  of  photoprotons  at 
25  MaV. 


Fig.  5.  Angular  distributions  of  photoproton  at 
“ 34  MeV 
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Fig.l.  Variation  of 
the  Zr(7,p)  reaction 
cross  section  with 


- Fig. 2.  Spectrum  of  photoprotons  from  zirconium  with  irradiation  of  the  target  by 
7 rays  with  max  = 22  MeV. 

' Fig. 3.  Spectrum  of  photoprotons  from  zirconium  with  = 25  .MeV.  The  s;:.ooth 

curve  represents  the  spectrum  calculated  on  tho  basis  of  the  statistical  mo-iei'. 
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Fig. 5.  Angular  distributions  of  different  groups  of  protons  (2r  target  irradiated 
with  Ey  max  = 25  MeV  bremsstrahlung)  : a - 2 > 7 MeV , b - £_  > 4 MeV. 
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Fig.  3.  Histogram  of  distribution  of  observed  resonances  among  the  different  targets.  The  atomic  number  is  given  directly  beneath 
the  chemical  symbol  followed  by  the  neutron  numbers  of  the  naturally  occurring  isotopes.  Magic  numbers  are  shown  in  brackets. 


Tabu  III.  List  of  effective  cross  sections. 


Fig.  l.(c)Complex  scattered  spectrum  from  Zr  excited 
by  Se  capture^  gamma  rays  (with  Se  background)  . 
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• High-energy  component  of  a complex  spectrum. 

‘Abroad  scattered  spectrum  with  no  observable  peak  structure. 

•There  are  actually  two  lines  of  energies  7.647  and  7.633  MeV  having 
equal  intensities  in  the  iron  capture  gamma  spectrum.  The  cross  section 
has  therefore  been  corrected,  although  there  is  no  possibility  at  present  of 
deciding  which  line  is  responsible  for  each  resonance. 

4 Is  probably  an  independent  levei^in  the  complex  spectrum  of  Ni  t 
rays  on  Te. 

• Rough  estimate. 

' May  be  inelastic  component  from  7.328  level  in  Te. 

« The  relative  line  intensities  in  this  case  are  due  to  Groshev  and 
CO  -worker*. 

• No  line  i*  known  for  the  source  at  thla  energy. 

1 Difficult  to  resolve  among  the  many  source  lines  present  st  this  energy. 
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F,c.  2.  The  anisotropy  coefficients  <x„  in  the  formula  W(9)  - «.(1  + <*,P,  + a,P,) 
Pwkld!?  Tabt  PreSe"  WOfk’  and  th°S*  obuined  by  other  woriem  « the  same  part  of  the 


TABLE  I 


Element 

«•* 

a< 

1 

Gt  1 

Nickel 

77(1.0±0.05) 

0.14±0  04 

—0.34  ±0.06  | 

Zinc 

236  (1 .0=4:0.01) 

0.06  ±0.03 

— 0.30±0.04  1 
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0.08±0.02 

— 0.30±0.02 

Lead 

2274(1.0^0.02) 

0.06±0.02 

— 0.48  ±0.02 

•For  comparison  purposes  the  experimental  value  of  as  for  Pb  has  been  norm.ilued  to  coincide  with 
that  obtained  by  Baker  and  McNeill  (10<U)  and  it  the  yield  per  mole  per  lUO  ruentgen.  All  other 
values  of  as  have  also  been  quoted  with  the  same  normalization. 
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Table  II.  Anisotropic  factor  BIA  and  asymmetry  factor  p of  angular  distributions  determined  by  least* 
square  fits  with  /4  + 2?(l+^cos0)sin*0. 
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Fig.  2.  Energy  distributions  of  photoprotons  from 
Zr  irradiated  with  the  bremsstrahlung  at  maxi- 
mum energy  of  24.0  and  20.5  MeV. 
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Fig.  3.  Examples  of  angular  distributions  of  photo- 
protons  from  **Y  and  Zr. 
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Fig.  5.  Energy  dependence  of  the  anisotropic  fac- 
tor B/A  of  the  angular  distributions  for  photo- 
protons  from  Zr.  See  also  the  caption  for  Fig.  4. 

A sign  indicates  that  B/A  is  too 
large  to  plot  the  figure. 


Fig.  9.  The  (/.  p)  cross  sections  of  **Y  and  Zr  in  the 
photon  energy  region  lower  than  20MeV.  The 
(;-.  p„)  cross  sections  deduced  from  the  inverse 
reaction  cross  sections  are  shown  by  solid  lines 
indicated  by  <r«.  Theoretical  "Zr(j\  po)“Y  cross 
section**  is  shown  by  broken  line. 
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Fig.  8.  The  energy  distribution  and  the  anisotropic 
factor  B/A  for  photoprotons  from  Zr  obtained  by 
subtraction  of  .jm«v  from  See  also 

the  caption  for  Fig.  6. 


Fig.  11.  Cross  sections  for  strong  photoproton  tran- 
sitionsonZr.  Photoproton  cross  section  obtained 
from  the  yield  curve, 91  neutron  emission  cross  sec- 
tion**' and  the  results  of  the  *®Y(p,  rol^Zr  reac- 
tion4  * "1*1  are  also  shown. 
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FIG.  1.  The  photon  elastic -scattering  cross  section  of 
Zr.  The  values  assume  that  only  s0Zr  contributes  above 


Ey  (MeV) 


FIG.  4.  The  photon  interaction  cross  section  of  *Zr.  It  was  assumed  that  the  elastic  photon  scattering  above  8.68 
MeV  was  due  to  *°Zr.  The  inferred  cross  sections  are  shown  by  the  circled  crosses  with  experimental  errors  corre- 
sponding to  the  statistical  uncertainty  in  only  the  elastic-scattering  cross  section.  Below  10.62  MeV,  the  measurer,  pho- 
ton scattering  cross  section  is  shown  by  the  diagonal  crosses;  at  and  above  the  10.62  MeV  the  diagonal  crosses  rep  re-  315  ' 

sent  the  sum  of  the  elastic  scattering  and  photoproton  cross  sections  Inferred  from  the  data  in  Refs.  19  and  20.  The  line  '■  ove  r 

Is  the  low-energy  extrapolation  of  the  Lorentz  line  which  matches  the  photoneutron  cross  section  of  MZr  in  the  giant  res-  ^buruVomundiro' 
onance  region  according  to  Ref^idm 
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8.0 
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0.124 

11.54 
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0.122 

11.60 
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8.6 
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0.095 

11.66 

70 

6.28 ± 0.67 

8.1 
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12.04 

70 

2.99  ±0.87 

12.3 

21.2±  1.6 

0.093 

12.09 

70 

3.33  ±0.97 

10.2 

19 .9  ±2.4 

0.088 

12.16 

70 

4.60  ±1.08 

11.6 

24. 3±  2.3 

0.105 

12.23 

70 

l.S8±  0.81 

13.0 

19 .4  ±2.1 

0.083 

12.35 

70 

2.05  ±0.84 

12.3 

19. 5±  2.2 

0.082 

12.42 

70 

5.71  ±0.94 

14.0 

29 .4  ±1.8 
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12.47 
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5.91  ±1.14 

14.4 

30.0  ±2.3 

0.124 

12.54 

80 

1.85±  0.64 

12.0 

- 

12.58 

80 

1.85  ±0.31 

10.2 

12.66 

80 

1.38±  0.57 

8.6 

12.74 

80 

1.28  ±0.64 

12.36 

80 

0.60  ±0.40 

13.01 

80 

0.27  ±0.50 

‘Assuming  Chat  MZr  and  ,:Zr  have  equal  cross  sections  below  8.68  MeV  and  that  only  MZr  contributes  above  8.63  MeV. 
The  listed  errors  include  only  the  effects  of  the  statistical  uncertainty  in  the  number  of  scattered  y rays. 

bThe  photoproton  cross  sections  were  calculated  from  the  graphs  of  the  p,y0  reaction  in  Refs.  19  and  20.  An  isotropic 
angular  distribution  was  assumed.  The  cross  section  in  Ref.  20  was  used  to  obtain  an  absolute  scale  for  the  data  of  Ref. 
19  near  12-MeV  excitation.  In  accordance  with  a private  communication  from  Rauch,  it  was  assumed  that  the  detec- 
tor used  in  Ref.  19  decreased  in  efficiency  with  increasing  energy  by  5%  per  MeV.  Above  11.95  MeV,  the  photoproton 
cross  sections  are  averages  of  the  precise,  very  good  resolution  data  of  Ref.  20  over  100-keV  intervals;  the  relative 
cross  sections  in  this  energy  region  should  have  negligible  error.  The  reliability  of  the  relative  cross  sections  at  lower 
energy  appears  to  be  of  the  order  of  or  less  than  10%.  For  example,  there  are  local  maxima  at  about  11.36,  11.45,  and 
11.63  MeV  which  are  about  10%  and  which  appeared  in  both  the  0 and  90*  data  of  Ref.  19;  on  the  other  hand,  the  0 and  90* 
data  differ  from  each  other  by  about  10%  in  the  energy  range  covered.  The  absolute  cross  section  was  estimated  to  have 
an  uncertainty  of  20%  in  Ref.  20.  However,  near  12.4  MeV,  the  absolute  cross  section  of  Ref.  21  (which  is  also  estimat- 
ed as  being  correct  to  within  20%)  is  about  1.5  times  the  value  given  in  Ref.  20. 
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Fig.  15.  Ratio  aaM/aa  versus  atomic  number  A.  Here  <jok,  is  the  level  density  parameter  taken  from 
the  neutron  resonance  work  of  refs.  *-2),  and  a,  is  the  level  density  parameter  derived  from  the 
present  ( y , n)  work.  Filled  circles  represent  points  where  nuclei  in  the  neutron  resonance  and  in  the 
('/•  n)  experiment  were  the  same.  Open  circles  represent  points  where  the  respective  nuclei  were 
approximately  matched.  Triangles  represent  points  which  are  based  on  measurement  of  neutron 
mean  energies  at  two  bremsstrahlung  energies  only. 
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a)  Neutron  numbers  and  abundances  of  respective  residual  nuclei  in  (y,  n)  experiments. 

b)  These  give  an  assessment  of  the  goodness  of  fit  of  a calculated  £„  versus  Ea  curve  to  the 
observed  data,  using  the  Fermi  gas  level  density  formula  b.  dh  without  and  with  pairing  corrections. 

c)  Bremsstrahlung  photoneutron  mean  energies  En  for  peak  bretnsstrahlung  energy  E0  = 24  MeV. 

®)  Nuclear  temperature  from  fit  with  constant-temperature  formula. 

*)  Level  density  parameter  a,  derived  from  the  present  n)  experiment,  using  a Fermi  gas 
formula  plus  pairing  correction,  and  corresponding  residual  nucleus  (the  atomic  weight  shown  is 
the  weighted  average  of  atomic  weights  of  the  resp<  ctive  isotopes  present). 

')  As  column  7,  but  using  data  on  n-resonance  absorption  from  refs.  *•*). 

*)  Measurements  of  •£„(£■„)  for  these  nuclei  were  made  only  for  £0  = 21,  23  and  24  MeV. 
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Figure  7:  Work  based  on  separation  of 

913  keV  y (79  hour)  from  588  keV 
(i4-.ll-  min).  Rise  in  "c"  above  18.5 
MeV  probably  comes  from  Zr91(y, 2n) Zr^9 
ground  state. 
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Frc.  7.  Relative  cross  sections.  Curve  A is  the  cross  section  for 
the  formation  of  the  79-hour  activity.  Curve  B the  formation  cross 
section  of  the  4.4-minutc  activity,  .and  Curve  C the  direct  pro- 
duction cross  section  of  the  79-hour  activity. 
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Fig.  5.  Cross  sections  for  the  ( y,n ) reactions  in  zirconium 
isotopes.  Short  dashes  Zr50,  long  dashes  Zr31,  full  curve  Zr32.  The 
previously  published  Zr30  and  Zr31  results  have  been  recomputed, 
taking  into  account  the  present  Zr32  measurements.  The  single 
and  double  slash  marks  on  each  curve  represent  the  locations  of 
the  (y ,pn)  and  (y,2 n)  thresholds  respectively.  The  units  of  the 
ordinate  are  IQ-22  cm2. 


Table  III.  Parameters  of  giant-resonance  cross-section  curves 
for  (./,«)  reactions  in  nuclei  near  50  neutrons.  Nuclides  -;.\sTS, 
«iNb32,  and  nRh132  from  reference  4,  ,oZr“  and  <0Zr31  from  reference 
5 recomputed  in  present  work.  Neutron  number  is  shown  in 
column  2,  location  of  peak  cross-section  value  in  column  5.  peak 
cross-section  value  in  column  4,  half-height  width  of  curve  in 
column  5,  and  area  under  curve  from  threshold  to  23  Mev  in 
column  6. 
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Fic.  3.  (*/,n)  cross  sections  tor  Zr*°  and  Zr*1.  Tne  ordinate  scale 
is  in  miilibarns  (t0~ *T  cm1).  The  points  shown  are  those  calculated 
from  the  yield  data.  The  solid  curves  are  drawn  to  tit  the  points. 
The  dashed  curve  is  the  cross  section  reported  (see  reference  S) 
for  the  production  of  the  isomeric  state  of  Zr*9  by  photon  bom- 
bardment of  natural  Zr.  The  locations  of  the  thresholds  for  various 
reactions  in  the  two  isotopes  are  indicated  by  the  arrows. 
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Fig.  la.  Upper:  Energy  levels  of  Y90  from  Y89(d,p)Y90. 
The  energy  scale  has  been  adjusted  so  that  the  ground 
state  corresponds  to  the  4.82  MeV  bombarding  energy 
resonance  seen  in  Y89ft>,n)Zr89.  Middle:  Sharp  reso- 
nances observed  in  Y89(p,p)Y89  and  Y®9(p,  n)Zr®9. 
Lower:  Sharp  resonances  observed  in  Y®9flp,  v^Zr90. 
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function  measured  at  90°  for  the  Y®9(p,  y^Zr90  reaction. 
Resolution  20  keV.  lc.  Excitation  function  measured  at 
90°  with  ISO  keV  resolution. 
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FIG.  1.  Differential  cross  section  of  process  ®*Y(p, 
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cause of  some  uncertainty  in  the  gamma-detector  ef- 
ficiency, absolute  values  are  good  probably  to  with- 
in 35%. 


FORM  NBS-418 

(REV.  7-14-04) 
USCOMM-OC  26010-P64 


U.S.  DEPARTMENT  OF  COMMERCE 
NATIONAL  BUREAU  OF  STANDARDS 


PHOTONUCLEAR  DATA  SHEET  335 


REF‘  B.L.  Berman,  J.T.  Caldwell,  R.R.  Harvey,  M. A.  Kelly,  R.L.  Bramblecc, 
and  S.C.  Fultz 
Phys.  Rev.  162,  1098  (1967) 

EL  EM.  SYM. 

Zr 

A 

90 

z 

40 

METHOD 

REF.  NO. 

67  Be  2 

hmg 

REACTION 

RESULT 

excitation 

ENERGY 

SOURCE 

DETECTOR 

ANGLE 

TYPE  RANGE 

TYPE  RANGE 

G,N 

ABX 

THR-28 

D THR-28 

BF3-I 

4 PI 

G.2N  S 

ABX 

THR-28 

D THR-28 

BF3-I 

4PI 

■■  - 

Taiuje  IV.  Integrated  c 

ross  sections. 

Nucleus 

(McV-h)» 

#iu(t.2h) 

(MeV-l.)* 

(MeV) 

ffi„(f-y,2n) 
FuitT,  lotali* 

( ir)<rmr 
(McV-b) 

0.0 f.HZ./A 
(McV-b) 

V" 

0.94 

0.10 

28 

0.10 

1.14 

1JI 

Zr** 

0.96 

0.10 

28 

0.09 

1.16 

1-33 

Zr“ 

o.ss 

0.20 

30 

0.19 

1.22 

1-35 

Zr8* 

0.65 

0.45 

28 

0.41 

1.23 

1-36 

Zr" 

0.43 

0.58 

30 

0.56* 

1-32 

1-38 

• All  measured  integrated  cross-section  values  are  given  for  an  energy  region  from  threshold  to  Eymm >.  For  the  7. r*  and  Zr"  cases,  it  was  necessary  to 
extrapolate  the  low-energy  part  of  the  total  photoneutron  cross  section  down  to  threshold : the  error  introduced  in  this  process,  however,  it  less  than  0.5%. 

•The  word  "total"  in  this  table  refers  to  the  total  photoneutron  cross  section  r([y.»)  +(y,pn)  +(yjm)  +(yjm)j,  and  excludes  the  (y.y)  and  (y,p) 
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Imo.  9 (a)  Total  plrotimculrtm  cross  section  for  /.rv.  The  dashed 
curve  is  the  theoretical  prediction  of  a shell-model  calculation  by 
Shitikova  and  co-workers,  (Refs.  13  .and  14)  normalized  both  in 
energy  and  in  cross  section  to  the  present  data.  The  predicted  giant 
resonance  is  too  broad,  and  falls  oil  too  rapidly  at  high  energies. 
Balashov  and  Yadrovskv  (Ref.  15)  also  have  done  a particle-hole 
calculation  for  Zr*,  but  here  the  giant  resonance  occurs  at  too  low 
an  energy  (^15  MeV).  The  ( y,ti ) and  (y,2n)  thresholds  are  taken 
from  the  data,  (b)  Single  photoncutron  cross  section  for  Zrw. 
Wjae  01,055  scc^on  for  Zr90.  The  threshold  determination 

of  2U±0.1  MeV  determines  the  m**.*  of  ZrM  (see  teat). 
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University.  At  low  energy  such  measurements  determine  by  an  unique  way  the  reduced  transition 
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probabilities.  For  Zr  thasa  B(EL)  valuaa  may  be  compared  with  those  given  by  the  R.P.A.  des- 
cription of  vibration  for  even  isotonas  (Gillat  at  al.,  Phys.  Letters  27B  (1968)  483).  We  have 

90 

carried  out  measurements  on  an  enriched  target  of  Zr  using  58  MeV  electrons.  The  momentum 
transfer  varied  from  0.3  to  0.6  fa.  The  total  energy  resolution  was  120  kaV.  The  prominent  peake 
' at  2.18,  2.74  and  3.84  MaV  ara  known  to  be  2*,  3 and  Z*  respectively. 


At  high  Z,  wa  must  use  a distorted  wave  calculation  to  analyse  our  inelastic  data,  wa  have 


chosen  the  GBROW  coda  (D.S.  Onley,  Phys.  Rev.  ^34B  (1964)  945).  This  coda  assumes  an  hydrodyna- 
mical  modal  for  the  nucleus.  For  an  EL  transition,  the  transition  charge  density  o ^ rL~'  (J(r) 
contains  the  derivative  of  the  static  charga 
density  described  by  the  Fermi  model.  Ac  low 
energy  abaoluts  Zr  elastic  static  measurements 
have  given  ua  the  value  of  the  r.m.s.  radius 
of  a(r).  Starting  from  this  r.m.s.  value 
<r^>'^  - (4.12  i 0.05) fm,  wa  may  choose  cha 
values  c - 4.66  fm  and  c - 2.34  fm  to  compute 
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the  inelastic  cross-sectiona. 

Figure  2 is  a plot  of  o/o„  „ vs  q.  for  2+ 
note  I 

levels  at  2.18  and  3.84  MaV.  The  solid  curves 
are  a theoretical  calculation  using  Che  GBROW 
code  with  the  indicated  parameters.  These  sta- 
tes are  not  very  collective  as  may  be  shown 
from  chair  B(E2)  values.  Figure  3 shows  the 


fit  for  the  3~  state  at  2.74  MaV.  The  collec- 
tive character  of  this  level  is  emphasized 


The  comparison  with  che  R.P.A.  description 
given_by  Gillet  is  shown  on  che  cable.  For 
the  3 state  the  Inclusion  of  the  particle 
hole  core  polarization  has  increased  che 
B(EL)  by  an  order  of  magnitude.  This  help 
to  account  for  che  experiment  alchough  the- 
re is  still  a discrepancy  by  a factor  two 
which  may  not  be  serious  because  che  B(EL) 
depend  strongly  on  che  decail  shape  of  cha 
transition  charge  density.  However,  for  Che 
2*.  the  discrepancy  is  much  more  important. 
Thus  it  is  seen  chat  che  particle  hole  core 
excitation  model  may  account  for  the  odd 
parity  state  collectivity  ; however  it  seems 
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are  shown  as  vertical  lines  whose  heights  are  propor- 
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been  suppressed  bv  a factor  of  3. 
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FIG.  2.  (y,Pt>  and  ( y,Pt*Pi)  cross  sections  of  MZr. 
The  vertical  lines  show  the  theoretical  radiative  widths 
of  the  IAS  from  Ref.  6.  The  smooth  curve  is  an  aver- 
aging of  them  (see  Ref.  6). 

Assumption  is  made  that  photoproton 
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in  the  ground  state. 
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are  discussed. 


B(EL) 


FIG  1.  Spectra  of  photoreaction  and  electron  scatter- 
ing in  3l,Zr.  The  arrows  indicate  the  positions  of  the 
14.0—,  16.65—,  and  23- MeV  peaks. 


FIG.  2.  The  experimental  form  factors  for  the  14.0- 
and  16. 65- MeV  peaks  are  compared  with  the  £2  and  £1 
form  factors  calculated  with  the  DWBA  code  written  by 
S.  T.  Tuan  «t  al .,  Nuci.  Instrum.  Methods  60,  70  (1968) 


TABLE  1.  B(E  1) , 3(E2),  and  M/j,  and  energy -weighted  sum-rule  (EWSR) 
limits.  • 


A'* 

(MeV) 

Jw 

pi 

£,^b 

(E1VSR) b 

£*f» 

EWSR 

16.65 

l' 

17.0  ±5.0 

233  = 86 

264 

1.07  ±0.32 

14.0 

2* 

990 ±300 

13900 ±4200 

24900 

0.56=0.17 

14.0 

0 + 

2050 ±610 

2S700  ± 8500 

28000 

1.03  ±0.3 

is  3 (El)  in  units  e2  F2  for  J1  = 1*.  3<E2)  in  ez  F4  for  J * - 2*.  and  \Mfi  I3  in 
F4  for  J*  = 0*. 

0 Unit 3 are  MeV  times  units  of  P. 

USCOMM-OC  20010-P64 


U.S.  DEPARTMENT  OF  COMMERCE 
NATIONAL  BUREAU  OF  STANOARCi 


PHOTONUCLEAR  DATA  SHEET  360 


ref.  Stanley  S.  Hanna 

PICNS-72,  p.453  Sendai 


ELEM.  SYM. 


Zr 


90 


40 


METMOP 


REF.  NO. 

7 2 Ha  9 


hvm 


REACTION 

RESULT 

EXCITATION 

ENERGY 

SOURCE 

DETECTOR 

ANGLE 

TYPE  RANGE 

TYPE  RANGE 

$ P,G 

ABX 

13-  25 

D 5-  17 

NAI-D 

DST 

POLARIZED  PROTONS 


E,  (MeV) 


Et(*°Zr)MeV 


Pig.  4.  The  90°  yield  from  the  unpolarized  reaction 
#,Y(p,Y0) 9 0 Zr 


Fig.  7.  Summary  of  the  existing  information  on 

* 9Y (p,YQ) 9 0 Zr.  The  two  solutions  for  the  proton, 
channel  are  indicated  by  I and  II. 


(over) 


A SHEET  361 


U.S.  DEPARTMENT  OF  COMMERCE 
NATIONAL  BUREAU  OP  S T A n 2 A * Q 5 


ANALYZING  POWER 


Fig.  6.  Measured  analyzing  powers  for  the  reaction 
®sY(p,Y0) 90Zr  plotted  vs.  angle. 


5*  Analysis  of  1“  analogue  resonances  in 
8 9 Y (p , y0) 9 0 Zr 

362 


REF. 


METHOD 


P.  R. 

Metzger 

ELEM.  SYM. 

A 

Z 

Nucl. 

Fhya.  A182.  213  (1972) 

Zr 

90 

40 

REF.  NO. 


72  Me  5 


egf 


REACTION 

RESULT 

EXCITATION 

ENERGY 

SOURCE 

DETECTOR 

ANGLE 

TYPE  RANGE 

TYPE  RANGE 

G.G 

LPT 

2 

G 

SCD-D 

DST 

2=2.  186 


Table  1 


Widths  of  the  2.186  MeV  level  in  *°Zr  deduced  from  the  various  scattering  experiments 


Type  of  scatterer 

r0 

Z,T  (meV) 

98° 

127’ 

natural  Zr  metal 

4.90  ±0.20 

4.96=0.2S 

enr.  ,0ZrO2  single  scatt. 

4.61  ±0.19 

4.90=0.21 

enr.  *°ZrOa(,7Al-i-*0Zf)  scatt. 

4.84=0.29 

5.15=0.46 

average 

4.77±0.13 

4.95±0.16 

Table  2 

Comparison  of  the  S(E2f)  deduced  from  inelastic  electron  scattering  and  from  resonance 
fluorescence  experiments  for  the  2.186  MeV  2*  state  in  90Zr 
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shell  model 

440=30 

')  Ref  i)  Belllcard  ®1  ll-  » Nucl* 

/ M.  T.  Mills,  private  communication.  Sept.  1971. 
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(b)  : Energy  distributions  of  90Zr(e,e'p). 

(c)  : Energy  distributions  obtained  from  difference 

method.  Residual  states  for  16.2  MeV  IAR  are 
shown  by  arrows. 

(d)  : Energy  distributions  obtained  from  difference 

method  for  08Sr.  Residual  states  for  17.2  MeV 
IAR  are  shown  by  arrows. 
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The  giant  magnetic  dipole  resonance  recently  observed  in  Pb  tends  to  confirm 
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the  explanation  by  Vergados  of  the  deviations  from  single  particle  calculations  of 
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numerous  magnetic  dipole  measurements  in  the  Lead  region.  A recent  measurement  of 

88 

the  Ml  width  of  the  1+  state  in  Sr  similarly  suggests  the  existence  the  giant  Ml 

90  90 

in  Zr.  This  suggestion  is  supported  by  an  assumed  shell  model  structure  of  Zr  of 

a closed  lg^^  neutron  shell  in  the  presence  of  an  open  shell.  Within  this 

assumption,  the  ground  state  Ml  transition  strength  will  be  concentrated  in  the  shell 

model  configuration  (gg^  “ g7/2^1+‘  In  a recent  search  , no  evidence  was  found 

for  such  a state  excited  in  inelastic  proton  scattering.  As  such  a non-observance 

may  be  attributed  to  a Serber  like  nucleon-nucleon  effective  interaction,  a subsequent 

search  has  been  has  been  carried  out  using  inelastic  electron  scattering  at  180°. 

90 

In  this  experiment,  a self  supporting  target  of  isotopically  enriched  Zr,  of 
2 

thickness  66  mg/cm  was  bombarded  with  electrons  of  37,  50.5,  and  60.5  MeV/c  inc- 
ident momentum  from  the  NRL  LINAC.  The  spectrum  taken  at  50.5  MeV/c  is  shown  in  fig- 
ure 1.  The  broad  peak  centered  around  channel  110  in  this  figure  is  also  evident 
in  the  37  and  60.5  MeV/c  data.  This  peak  lies  at  an  excitation  energy  of  9.1  MeV  and 
is  approximately  2.5  MeV  FWHM.  A preliminary  analysis  of  the  yields  for  this  peak 
at  the  three  bombarding  momenta  using  the  model  described  by  Fagg  et.  al.  ^ together 
with  Coulomb  distortion  corrections  ^ indicates  the  peak  to  be  magnetic  dipole  in 
character.  A tentative  value  of  the  ground  state  Ml  transition  width  of  this  peak 

is  then  found  to  be  117  + 23  eV.  In  contrast,  the  predicted  width  of  an  Ml  tran- 
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sition  from  the  ground  state  of  Zr  to  a 1+  state  at  9.1  MeV  whose  shell  model  con- 
figuration is  ( gg'^  “87/2  ) is  50  eV’  8 


371 


REF. 


ELEM.  SYM. 


M.  Hasinoff,  G.A.  Fisher,  and  S.  S.  Hanna 
Nucl.  Phys.  A216.  221  (1973) 


Zr 


90 


40 


I 


METHOD 


REF.  NO. 

73  Ha  13 


egf 


REACTION 

RESULT 

EXCITATION 

ENERGY 

SOURCE 

DETECTOR 

ANGLE 

TYPE  RANGE 

TYPE  RANGE 

P,G 

ABX 

13-  25 

D 5-  17 

NAI-D 

dst 

— 

0 


E,  (MeV) 


Fig.  3.  Excitation  curve  for  the  reaction  ,,Y(p,yo)90Zr  at  0y  - 90°.  The  solid  lines  indicate  the 
sharp  structures  in  the  data.  The  insert  shows  the  yield  in  the  vicinity  of  the  resonance  at  = 1 1.30 

MeV  measured  with  a thin  target. 


Fig.  4.  Normalized  angular  distributions  for  the  reaction  *9Y(p,y0)90Zr.  The  solid  curves  are  Icist- 
square  fits  with  Legendre  polynomials  up  to  P2.  The  incident  proton  energy  (in  MeV)  is  li-uetl  in 

each  case. 
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Fig.  14.  Complete  yield  curve  for  the  reaction  "Yfp.yo^Zr  At  9V  = 90*.  The  curve  below 
E,  =■  5.40  McV  is  a symbolic  representation  of  the  data  from  ref.  ,J)  which  shows  a great  amount 

of  fine  structure. 


E.  0bstf  P.  Rauch,  E.  Roale,  Phya.  Lett.  21  (1966)  50; 

E.  Obat,  P.  Rauch  and  H.G.  Wahaweiler,  Nucl. Phya.  A103  (1967)  17.  373 


REF-  Phan  Xuan  Ho,  J.  Bellicard,  Ph.  Leconte,  I.  Sick 
Nucl.  Phys.  A210,  189  (1973) 


method 


EL  EM.  SYM. 


Zr 


90 


40 


REF.  NO. 


73  Ho  4 


egf 


REACTION 

RESULT 

EXCITATION 

ENERGY 

SOURCE 

OETECTOR 

ANGLE 

TYPE  RANGE 

TYPE  RANGE 

E.E/ 

FMP 

2-  3 

D 209 

MAG-D 

DST 

2.19,  2.75.  3.08 


Fig.  5b.  Squared  inelastic  form  factor  for  2*  states  of  the  \ = 50  isotones. 


Table  5 


Inelastic  cross  sections  for  £,  = 209  MeV  on  ,0Zr 


(6*)  3.45 ► - 

(2+)  3.31  — ► * 

(4+)  3.08  «.  . 

(3”)  2.74  *-  «, 


(5+)  2.32 » 

(2+)  2.18  » 


(0+)  1.75 » 


a 

(deg.) 

(2+)e  = 2.19  MeV 
der/df2(mb/sr) 

f3-)e  = 2.75  MeV 
da/dflfmb/sr) 

(4*)e  — 3.08  MeV 
dff/df2(mb/sr) 

35 

0.142  E — 1 ±0.170  E— 2 

0.220  E — 1 ±0.160  E— 2 

40 

0.686  E -2 ±0.490  E-3 

0.139  E — 1 ±0.800  E-3 

45 

0.278  E— 2±0.170  E-3 

0.S46  E — 2±0.430  E-3 

0.624  E —3 ±0.176  E-3 

50 

0.941  E — 3±0.610  E— 4 

0.443  E -2 ±0.230  E-3 

0.419  E — 3±0.580  E-4 

55 

0.307  E — 3 ±0.360  E-4 

0.221  E— 2±0.130  E-3 

0.271  E-3 -0.350  E-4 

60 

0.101  E-3 ±0.250  E-4 

0.984  E— 3±0.540  E-4 

0.170  E-3-0.240  E-4 

65 

0.374  E— 4±0.165  E-4 

0.346  E-3 ±0.200  E-4 

0.115  E-3  -0.150  E-4 

70 

0.232  E-4±0.100  E-4 

0.102  E — 3 ±0.900  E-5 

0.637  E— 4±0.320  E-< 

75 

0.242  E— 4±0.640  E-5 

0.242  E— 4±0.460  E-5 

0.322  E —4—0.450  E — s 

80 

0.233  E— 4±0.350  E-5 

0.199  E— 4±0.260  E-5 

0.161  E-4-^0.220  E-5 

85 

0.892  E — 5±O.I63  E-5 

0.220  E-4 ±0.150  E-5 

0.403  E-5 -0.950  E-6 

90 

0.658  E — 5±0.104  E— 5 

0.216  E-4±0.120  E-5 

0.657  E— 6— 0.353  E-6 

95 

0.334  E-5±0.950E-6 

0.174  E-4±0.180  E-5 

0.378  E— 7— 0.193  E-7 

110 

0.155  E — 6 ±0.900  E-7 

0.509  E— 5±0.370  E-6 

0.417  E — 6±0.238  E-6 

Energy  level  diagram  given  by  ref.  2*).  Levels  excited  in  our  experiment  are  shown  with  solid  lines,  dashed  lines  correspond  to  other  levels.  The  ex- 
perimental values  are  normalized  with  the  elastic  cross  sections  calculated  by  a phase  shift  program  using  a 3-parameter  Gaussian  model.  The  param- 
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^x 

(MeV) 

B(EL)or |ME|  2 

fraction  of 
T»0  EWSR 

fraction  of 
T=*l  EWSR 

E2 

14.0 

990  e2fm4 

0.522 

27.0 

280.3 

0.285 

0.228 

E0 

14.0 

2050  fm4 

1.074 

27.0 

547.9 

0.594 

0.476 

El 

16.65 

17.0  e2fm2  * 

0.89 

• J<r2>  • 4.255  fm 

* B(E1)  from  (y,n)  is  18.8  e2fm2 
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RESULT 

EXCITATION 

ENERGY 

SOURCE 

DETECTOR 

ANGLE 

TYPE  RANGE 

TYPE  RANGE 

G,P 

SPC 

8-  30 

G 30 

SC  D-D 

90 

E,P 

SPC 

8-  30 

D 20-  30 

MAG-D 

90 

Table  1 


Summary  of  results 


Target  Proton  energy  Excitation  energy  (MeV)  Residual  levels 


E,  (MeV) 

apparent 

actual 

«9y 

•°Zr 

9.6 

17.9 

(19.4)*) 

(1.5  MeV,  }-)•) 

11.1 

19.4 

19.4 

g.s..  i~ 

10.7 

19.0 

20.5-20.8 
(20.7)  •) 

(1.74  MeV,  |-)*) 

12.5 

20.8 

20.3 

U S., 

11.3 

19.6 

21.2-21.4 

1.5  MeV.  1*  or  1.74  MeV.  J" 

10.2 

18.5 

(21.4)*) 

(2.88  MeV,  }-)*) 

90y. 

”Zr 

9.5 

18.2 

19.7  ») 

Ss  1.5  Me V*) 

11.0 

19.7 

(19.7-19.9)*) 

g.s.,  2‘  or  0.2  MeV,  3" 

10.7 

19.4 

20.8-21.2 

(21.1)*) 

1.4-1. 8 
0.7)  *) 

12.5 

21.2 

(21-2)*) 

g.s.,  2"  or  0.2  MeV,  3* 

11.3 

20.0 

21.5-21.8 

1. 5-1.8 

10.1 

18.8 

(*  21.5)*) 

(s  2.7  MeV)*) 

*)  Most  probable. 

*)  Consistent  assignment. 


13  14  15  16  17  18  19  20  21  22 

APPARENT  EXCITATION  ENERGY  ( MeV) 


Fig.  3.  The  ,0Zr(e.  e'p),9Y  spectra:  (a)  £,(max)  = 20.45  MeV;  (b)  £,(max)  =»  21.15 

(c)  £,(max)  = 21.65  MeV. 
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REF.  NO. 
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40 


lb  Me  2 


hmg 


REACTION 

RESULT 

EXCITATION 

ENERGY 

SOURCE 

DETECTOR 

ANGLE 

TYPE  RANGE 

type  range 

G,G 

LIT 

VC 

1 

C\J 

C 2= 6 

snn-n 

riCTi 

5 LEVELS  2-6  MEV 


TABLE  H.  Results  of  resonance-fluorescence  experiments  with  ,9Zr. 


Level 

energy* 

<keV) 

r 

r„Vr 

(meV) 

iyr 

rD 

(me  VI 

r,(expt.) 

r0(s.p.) 

2186 

2* 

4.89*  0.28 

1.00 

4.89*  0.28 

5.1 

3308  ±1 

2* 

3.45*  0.60 

0.75*0.02 

4.6  * 0.8 

0.6 

3842  ±1 

2* 

24.0  * 3.4 

0.86*0.02 

28  * 4 

1.7 

4580*2 

1<"> 

24.0  * 4.0 

0.5  ±0.1b 

48  *13 

3.7x10"* 

5504*2 

1<"> 

48  *17 

0.6  *0.1 

80  *32 

3.5x10"* 

4120 

2* 

0.3  * 0.5 

4230 

2* 

0.5  * 0.9 

4680 

2* 

<10 

* The  energies  listed  for  levels  two  to  five  are  those  determined  in  the  present  study.  The 
last  three  energies  are  those  reported  in  Ref.  4. 
b Reference  13. 


• TABLE  L Comparison  of  experimental  and  theoretical 
yield  ratios. 


Level 

N ,c(98*)/Arsc(127°) 

energy 

Theory 

(MeV) 

Experiment 

Spin  1 Spin  2 

3.31 

2.2  ±0.6 

) ) 

3.84 

2.0*  0.3 

)0.74  >2.08 

4.58 

0.7*  0.2 

) ) 

4 

J.B.  Ball,  M.W.  Johns,  and  K.  Way,  Nucl.  Data  A8,  407  (1970). 
13 

B.  Seim,  Ph.D.  thesis,  Johann  Wolfgang  Goethe-Universitaet, 
1971  (unpublished) . 
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ENERGY 

SOURCE 

DETECTOR 

angle 

TYPE  RANGE 

TYPE  RANGE 

P,G 

ABX 

13 

D 4 

SCD-D 

55 

4=4.  75-4.  88  MEV 


Table  1 

Results  for  the  7 decay  of  the  ground  state  analog  in  ^Zr. 


7j 

77 

7xo 

E ( MeV)») 

10.92 

9.80 

9.26 

o7(Mb)  b> 

64*  17 

43*  13 

30*  10 

T (eV)  c) 

IS  *4 

10*  3 

7*3 

r^KeV)  <0 

$4.4 

$3.2 

$2.9 

oJE*(h  b/MeVJ) 

OyHno)  e> 

41  X 10*5 

47  X 10"s 

44  X 10_s 

84 

49 

39 

Transition  energy. 

b)  Experimental  resonance  cross  section. 

c)  Experimental  radiative  width. 

® Direct  radiative  width. 

e)  Predicted  compound  resonance  cross  section. 


Fig.  1.  The  8,Y(p,7)90Zr  excitation  functions  obtained  in 
the  present  experiment.  The  solid  lines  are  Breit-Wigner 
curves  (compare  text). 
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RESULT 
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ENERGY 

SOURCE 

DETECTOR 
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ABX 

12-  24 
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Fig.  14.  Angular  distributions  of  proton  groups  indicated  by  hatching  in  the  proton  spectrum 
which  is  summed  over  various  angles.  Both  the  dashed  lines  in  the  results  of  groups  A and  B are 
the  results  of  (p,  y0)  for  group  A [ref.  *)].  The  dashed  line  in  the  result  of  group  C is  the  (p.  7o) 

result  of  this  group  2). 


Fig.  11.  Comparison  of  phi  toproton  cross  sections  of  ,0Zr.  (a)  Present  result,  (b)  Curve  A.  ref. 
curve  B.  ref.  5);  open  circ' s,  ref.  1J).  (c)  Ref.  *).  (d),  (e),  (f)  Theoretical  estimates,  refs. 

' respectively. 


Fig.  15.  Angular  distributions  of  proton  groups  in  the  T+l  coherent  resonance  region.  The  groups 
are  indicated  hatching  in  the  cross  sections.  The  dashed  line  in  the  figure  shows  the  result  of 
(p.  Vo)  in  the  corresponding  regions  3). 
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Table  5 


The  radiative  width  of  the  narrow  El  IAR  obtained  from  the  proton  group  in  the  proton  spectra 


Nucleus 

(MeV) 

E, 

(MeV) 

EuU”)  r r„  *) 
(MeV)  1 y T 
(eV) 

£v>  2(r+,>^‘) 

«r+l,iL-> 

1 s.p. 

(P.  Vo) 
data  ry 
(eV) 

*°Zr 

14.5 

6.0 

o (J-) 

26 

26  ") 

0.076 

> 30  •) 

16.3 

16.3 

7.9 

6.3 

0 (J*) 
1.51  (J-) 

741 

52j 

126 c) 

0.26 

> 60*) 

• 9y 

13.0  d) 

5.9 

0 (0+) 

13 

13  d) 

0.13 f) 

18±3  •) 

14.5  •) 

7.3 

0 (0+) 

16 

16  •) 

0.14f) 

11±2») 

15.9d) 

8.7 

0 (0+) 

42 

42  •) 

0.68 f) 

40±8h) 

••Sr 

17.1 

6.5 

o (}-) 

9.5» 

17.1 

5.6 

0.85  ((*-)) 

4.9j 

14  ) 

17.3 

17.3 

6.7 

5.9 

o <r) 

0.85  ((i-)) 

30  | 
18  ) 

48  c) 

0.094 

The  available  data  with  the  (p,  y0)  experiment  are  shown  in  the  last  column. 

*)  The  errors  may  be  s 30%  (for  90Zr,  **Sr)  and  » 50%  (for  S,Y)  including  the  uncertainty 


of  the  process  to  separate  the  proton  group. 

•)  r,jr=  1 was  assumed. 

*)  (rB0  +l\x)/r  = 1 was  assumed. 

d)  J”  = was  assigned  as  shown  in  table  3. 

•)  J*  - f*  was  assigned  as  shown  in  table  3. 

')  Correction  was  made  for  the  spectroscopic  factors  on  the  ground  state  and  the  excited  state 
with  the  data  of  the  (He3,  d)  and  (d,  p)  reactions  respectively. 

•)  Ref. JT). 

•)  Ref.  •). 


2J.  L.  Black  ec  al. , Phys.  Lett.  1_1  (1964)  135;  J.L.  Black  et  al.  , Nucl. 
Phya.  A92  (1967)  365. 

4W.M.  Mason  et  al. , Nucl.  Fhys.  A135  (1969)  193. 

^M.  Haslnoff  et  al.  , Phys.  Lett.  30B  (1969)  337. 

^P.  Paul,  nuclear  structure  studies  using  electron  scattering  and  photo- 
reaction,  ed.  K.  Shoda  and  H.  U1  (Research  report  of  Lab.  Nucl.  Scl.  Tohoku 
Unlv.  vol.  5,  1972)  p.343. 

12A.  Piazza  et  al.  , Riys.  Lett.  25B  (1967)  579. 

14 
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E.P 

ABX 

14-  24 

D 14-  25 

MAG-D 

90 

E 

1 virtual  photo 

n spectrum  used  to 

obtain  (y,p)  cross  sectior 

is. 

Table  2 

The  parameters  of  the  angular  distributions  determined  by  the  least-squares  fits  with 
d o/df3  = /4[l+ifcinJ0(l— 


••Sr 

*°Zr 

92  Mo 

£.  (MeV) 

21.5 

22 

20 

A*) 

1 

2.04 

6.67 

3 

0.59 

0.69 

0.057 

P 

0.59 

0.47 

2.3 

*)  Relative  value. 


Fig.  3.  Differential  (y,  p)  cross  sections  at  0 = 90:  analysed  from  (e,  e'p)  cross  sections  by  the  least 

structure  method. 


Fig.  4.  Angular  distributions  of  protons  from  the  (e,  e'p)  reaction.  The  bombarding  energies  are 
21.3,  22  and  20  MeV  for  ®*Sr,  90Zr  and  92Mo  respectively.  The  best  fit  curves  obtained  with  eq.  (7) 

are  also  shown. 

15 

K.  Shoda  et  al . , Nucl. 

Phys.  A221  (1974)  125 
18 

A.  Lepretre  et  al.,  Nucl. 

Phys.  A175  (1971)  609 


Ex  (MeV) 

Fig.  7.  Tha  caption  is  the  same  as  in  fig.  5. 
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13  STATES, 2. 18-5. 3 

Figures  6,  7,  and  8 also  give  form 
factors  for  other  levels. 


Metzger  (1974)  used  as  constraints  (see  text). 
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Tahle  3.  Results  for  the  analysis  of  the  present  data  using  the  Tassie  model. 


Excitation  energy 
(MeV) 

/■ 

X2/D 

c„ 

(fm) 

(fm) 

(fm) 

B(ELt ) 
(e  Ifmlt) 

B(ELf)/B(EL  t).0„ 

2-186' 

2* 

1-16 

4-32 

2-76 

5-82±0-ll 

673  ±59 

5-50±0-48 

2-319 

5* 

0-79 

3-19 

2-31 

6-75±0-08 

(2-12±0-I2)xl0T* 

8-37±0-47 

2-748 

3~ 

2*10* 

4-34 

2-54 

6-18±0-2S 

8-74  + 1-00x10* 

25-2±2-9 

3-077 

4* 

1-03 

4-33 

2-13 

6- 15  ±0-27 

2-95  ±0-30  X10J 

3-32±0-90 

3-308 

2* 

1-30 

4-52 

2-764 

5-96 

64 

0-53 

0-94 

4-06 

3-22 

6-13±0-52 

69+18' 

0-56±0-15 

3-842 

2* 

1-42 

4-45 

2-76 

5-91 

230 

1-88 

1-18 

4-75 

2-15 

5-58±0-30 

206  + 36* 

l-68±0-29 

3-97 

5- 

0-40 

4-14 

2-314 

7-02  ±0-60 

2-62±  1-OOx  10? 

10-4  + 4-0 

4-07 

4*? 

0-40 

3-15 

2-154 

5-56  ±0-34 

(4-0  ±2-4)  x 10* 

0-45±0-27 

5-? 

0-30 

4-50 

2-314 

7-16±0-30 

(1-6+0-9)  x 107 

6-4±3-6 

4-34 

4* 

0-48 

3-98 

2-15- 

5-95  ±0-1 6 

1-50+0-40x10* 

1-69  + 0-45 

4-47 

4* 

0-98 

4-93 

2*15- 

6-53  ±0-12 

3-45  ±0-65x10* 

3-87±0-73 

5-64 

3" 

1-61 

4-31 

• 2-544 

6-16  + 0-09 

6760  ±950 

1-95  ±0-27 

5-78 

3- 

0-83 

4*13 

2*544 

6-05±0-13 

1450  ±220 

0-42  + 0-06 

5-30  to  3*50  region 

4*7 

M3 

4-45 

215- 

6-22±0-35 

3-1  ±0-7x10* 

3-5±0-8 

' This  is  a re-analysis  of  the  level  and  the  numbers  are  very  slightly  different  from  those  in  Singhal  et  at  (1974). 

* The  (n,  n')  point  was  treated  as  a datum  point  for  the  fit.  See  text. 

* One  datum  point  (Billicard  et  at  1970)  is  contributing  15*2  to  the  x1  function. 

4 /tf  was  fixed  (see  text). 

' The  (y,  y')  point  was  treated  as  a datum  point  for  the  fit.  See  text. 


Figure  5.  Inelastic  form  factors  for  the  octupole  transitions  studied.  The  transitions 
shown  are  to  the  2-748  MeV  («  and  O).  the  5-64  MeV  (□)  and  to  the  5-78  MeV  ( x ) 
tevejs  respectively.  The  solid  circles  for  the  2-748  MeV  level  are  data  points  taken  from 
Bcilicard  et  at  (1970).  Solid  lines  are  the  fits  obtained  by  using  the  Tassie  model. 
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FIG.  14.  Cross  sections  integrated  over  angles  for 
processes  studied  in  the  present  work  (data  points)  are 
displayed  with  the  exception  of  the  total  photor.eutron 
cross  section  (solid  curve  in  the  bottom  left  corner  of 
the  diagram)  for  which  the  results  of  Leprfetre  ct  il . 

(Ref.  6)  are  shown.  The  low-energy  parts  of  the  ground 
state  and  total  photoproton  cross  sections  are  taken  from 
Ref.  3 (solid  curves).  In  the  bottom  right  corner  the  sum 
of  the  total  photoproton,  the  (y,2 n)  cross  sections  from 
the  present  experiment  and  (y,  n + np)  cros3  section  of 
Ref.  6,  is  displayed.  It  represents  to  a good  accuracy 
the  total  photoabsorption  cross  section. 
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FIG.  13.  Cross  sections  for  the  reactions  MZr(y,npi 
®*Y  and  wZr(y,  2n>88Zr.  A comparison  of  present  results 
for  the  cross  section  of  the  reaction  S0Zr(y,  2n)MZr  with 
the  data  of  Lepretre  et  al.  (Ref.  o)  and  Berman  et  al. 
(Ref.  1)  is  given  In  the  lower  diagram.  The  solid  line 
is  drawn  arbitrarily  through  data  points  of  the  present 
results.  The  decay  scheme  shows  the  decay  modes 
used  for  the  determ ication  of  the  cross  sections  (upper 
diagram). 
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FIG.  3.  Differential  90*  cross  section  for  the  (y,pc) 
reaction  and  differential  summed  cross  sections  for 
reactions  involving  various  regions  of  excitations  in  the 
residual  nucleus  83Y. 
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FIG.  4.  Legendre  polynomial  coefficients  for  the  angu- 
lar distributions  of  protons  in  the  reaction  ^Zriy.Poi^Y 
obtained  from  differential  cross  sections  for  the  angles 
30\  90*.  and  150*  assuming  an  angular  dependence  of 
the  form  Wifl)  =Z/{!j}-A«'Pi<cos0>.  Cross  sections  for  par- 
ticular angles  were  determined  from  measured  spectra 
by  means  of  a least-squares-fit  analysis  (Ref.  13).  On 
the  top  diagram  present  results  for  (x  = 4itA0  (data  points) 
are  compared  to  the  data  of  Refs.  11  and  8. 


FIG.  8.  A comparison  of  present  results  for  the  '■ 
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FIG.  6.  Legendre  polynomial  coefficients  for  the  an- 
gular distribution  of  protons  In  the  reaction  ^Zr (y.p) 
!,Y*  involving  excited  states  of  MY  with  energies  up  to 
3 MeV.  See  Fig.  4 for  other  details. 
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FIG-  7*  T*16  summed  cross  section  (y,p*)  for  the 
Zr(y,p)  reactions  leading  to  the  0.909  MeV  first-excit- 
ed isomeric  state  of  33Y.  The  cross  section  is  obtained 
from  a Penfold-Leiss  analysis  of  the  0.909  MeVy-ray 
activation  yield.  Here,  besides  the  direct  (y ,px)  cross 
section,  also  contributions  from  states  decaying  to  the 
0.909  MeV  state  are  contained.  In  particular,  <r(y ,p{*) 
incorporates  and  70%  of  ff<y,p<),  involving 

Y states  at  2.529,  2.568,  2.622,  2.871,  and  2.220  MeV. 
respectively. 


FIG.  9.  Integrated  cross  section  over  angles  and 
other  Legendre  polynomial  coefficients  for  the  photo- 
proton reaction  channels  leading  to  excited  states  in 
89Y  of  energies  3—5  MeV  (see  Fig.  4 for  other  details). 
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FIG.  5.  A comparison  of  present  results  for  the 
Legendre  polynomial  coefficients  of  the  reaction  MZr- 
(y.Po) with  the  data  of  Refs.  3 and  8. 
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FIG.  10.  Same  as  Fig.  9 for  excitations  of  5—7  MeV. 
Odd  Legendre  polynomial  coefficients  are  not  shown  due 
to  large  errors. 


TABLE  L Integrated  cross  sections  for  various 
photonuclear  reaction  channels. 


Reactions 

Energy  region  of 
integration  (MeV) 

Integrated  cross 
section  (MeV  mb) 
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FIG.  11.  Total  photoproton  cross  section  obtained  by 
summing  the  contributions  shown  in  Figs.  4,  6,  9,  and 
10  (data  points)  is  compared  to  the  corresponding  data 
of  Shoda  et  al.  (Ref.  9).  The  shaded  area  represents 
experimental  errors  quoted  in  Ref.  9. 
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The  multipole  expansion  of  the  inelastic  electron  scattering  continuum  in  90Zr  yields  an  E24ike  structure  which 
involves  a giant  monopole  resonance  at  17  MeV  with  a width  of  4 MeV. 
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Fig.  1.  Differential  total  form  factor  I W(q,E\)\2  at  183  MeV 
35’,  transverse  part  |h'jl2(l/2  + tan28/2),  and  \W^(q,  Ey)\2 
corresponding  to  El,  E2,  E3  and  E4  + E5  + E6  are  shown, 
where  HV^.HVlI2,  and  liy-j-l2  are  defined  in  ref.  (16).  The 
scale  at  the  right-hand  side  indicates  B(EL ) values  in  units 
of  fm2£/MeV  and  at  the  left-hand  side  form  factors  in  units 
if  10^/MeV. 
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New  detailed  angular  distribution  measurements  are  presented  for  89Y(p,y0)MZr  above 
the  giant  dipole  resonance  (14  MeV=s£p  « 27  MeV),  which  show  pronounced  effects  of  high- 
er multipoles.  Direct-semidirect  calculations  provide  a good  description  of  the  data  by 
including  £2  and  £3  as  well  as  £1  radiation.  The  sensitivity  of  the  reaction  to  a T = 1 
giant  quadrupole  resonance  is  demonstrated. 


FIG.  1.,  Angular  distribution  coefficients  for  39Y (p, 
y0)90Zr.  Crosses  and  open  circles,  present  measure- 
ments of  Qj(see  text);  solid  dots,  previous  measure- 
ments of  and  b2  (Refs.  14  and  15)  (/l0  = a<)  and  a, 

sqj  for  £p  ^ 14  MeV).  The  curves  represent  calculated 
ati  the  £1  curve  includes  both  direct  and  semidirect 
(GDR);  £2  and  £3  are  direct  only,  except  where  semi- 
direct £2  (GQR)  is  indicated. 


FIG.  2.  Angular  distribution  coefficients  extracted 
from  LLL  data.  See  text  and  Fig.  1 caption  for  signifi- 
cance of  curves. 
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The  location  of  the  M2  giant  resonance  in  J8Si,  90Zr  and  208Pb,  predicted  within  the  framework  of  the  MSI-RPA  par- 
ade-hole model,  has  been  confirmed  by  high-resolution  inelastic  electron  scattering  (£x  » 444“ 1 /3  MeV).  The  fragmented 
M2  strength  distribution  can  only  be  described  assuming  a mass-dependent  quenching  of  the  intrinsic^  factor.  This  has  the 
. '-vtquence  that  the  long  sought  Ml  strength  is  much  reduced  in  heavy  nuclei,  an  effect  which  is  supported  experimentally. 


U 
U 
€ 
us  3- 


i , 


’Si(e.e') 

Eg*  51MeV 
0 .165* 

A » 

* I 


f V 


t f»  tt 


115  HO 


14.5 


’50 

90 


Zr(e,a) 

Eg*  44MeV 
0 *165* 


tint  ft 


ao 


as 


9.0 


9.5 
208 


i , .1 .4  rU 

; ..-mAj  wvwu  w 
l 11  1 I " 


iao 

Pb(e.e) 

£n*  50MevJ- 
©°*165-  j 


j mill 


*1/2 


» 1/2 
*1/3' 


T 52 


a5  70  7.5  ao  05  5 10 

Excitation  Energy  /MeV 


Jl LI 


3Si 


90 


Zr 


205 


Pb 


1500 

lOOO 

500 

1500  <m 

. £ 

1000  V 


CM 

500  2 


m 


1500 

1000 

500 


j 


15 


20 


Fig.  1.  The  left  part  shows  selected  (e,  e’)  spectra  on  :3Si.  90Zr  and  :08Pb  at  various  energies  but  all  at  e = 165’.  The  2*  states  n 
marked  by  arrows.  The  right  part  displays  the  mode!  prediction  for  the  M2  strength. 
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Analysis  is  made  of  reactions  interfering  with 
photon  activation  analysis  procedures. 


The  activation  yield  curves  have  been  presented  for  a number  of  photonudear  reactions  in  the  energy  range  from  30  to 
68  MeV,  in  order  to  evaluate  quantitatively  the  interferences  due  to  competing  reactions  in  multielement  photon  activation 
analysis.  The  general  features  of  the  yields  as  functions  of  both  target  mass  number  and  excitation  energy  were  elucidated 
from  the  data  obtained,  discussion  being  given  on  the  results  in  terms  of  the  reaction  mechanism. 

Simultaneous  neutron  activation  due  to  appreciable  neutron  production  from  the  converter  and  surrounding  materials 
has  also  been  studied,  and,  finally,  the  magnitudes  of  interferences  in  real  multielement  analysis  were  given  in  the  form 
of  their  energy  dependences. 


Nr 

Fig.  2.  Yield  per  equivalent  quanta  versus  target  neutron  num- 
ber. 


Fig.  7.  Activation  yield  curves  for  the  reactions  on  Y,  Zr,  Nb 
and  Mo. 
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Fig.  9.  Yields  of  the  (y,  n)  reactions  as  a function  of  brems- 
strahlung  maximum  energy  and  target  mass  number.  The 
numerical  values  in  the  figure  are  yields  per  equivalent  quanta 
in  mb. 


Fig.  11.  Yields  of  the  (y,  pn)  reactions  as  a function  of  brems- 
strahlung  maximum  energy  and  target  mass  number.  The 
numerical  values  in  the  figure  are  yields  per  equivalent  quanta 
in  mb. 
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Abstract:  High-resolution  (FWHM  » 30  keV)  inelastic  electron  scattering  on  ,nZr  at  low  momentum 
transfer  (0.20 <4  <0.62  fm~')  has  been  used  to  study  magnetic  transitions  at  excitation  energies 
E.  = 8-10  MeV.  The  experimental  data  were  analyzed  in  the  distorted-wave  Born  approximation 
(DWBA)  with  wave  functions  calculated  in  the  random  phase  approximation  (RPA).  Three  J"  = 1* 
states  have  been  identified  £,  =*  8.233,  9.000  and  9.371  MeV.  There  is  some  indication  of  further 
very  fragmented  dipole  strength  and  the  upper  limit  for  the  total  Ml  strength  in  the  investigated 
energy  region  is  IB(M1)T «2.5  mk-  It  is  much  smaller  than  any  theoretical  prediction.  Further- 
more, a large  number  of  2~  states  has  been  .observed,  with  the  center  of  gravity  located  at 
Ex *9  MeV.  These  states  carry  a total  strength  of  !SlM2)f  = 1000  iizK  ■ fm2.  Their  strong  frag- 
mentation is  in  qualitative  agreement  with  theoretical  calculations,  but  the  deduced  strength  is  much 
smaller  than  theoretically  predicted.  In  addition  the  distributions  of  spacings  and  radiative  widths  of 
the  2“  states  are  consistent  with  a Wigner  and  a Porter-Thomas  distribution,  respectively. 


NUCLEAR  REACTIONS  ®°Zr(e,  e’),  E = 24-66  MeV;  measured  <r(E,  8).  "^Zr  deduced 
levels,  transition  strengths.  Shell-model  calculations. 


Table  2 


Levels  observed  in  the  present  experiment  and  multipole  assignment  due  to 
comparison  with  the  theoretical  calculations  described  in  the  text 


Ex  (MeV) 

r 

Ex  (MeV) 

J’ 

7.774 

(1*.  2”) 

8.882 

2* 

7.806 

(21 

8.911 

2* 

7.868 

(ll'21 

8.934 

2* 

7.907 

((3— )) 

8.971 

2* 

7.996 

O') 

9.000 

1* 

8.032 

2' 

9.061 

2* 

8.113 

112*) 

9.101 

2* 

8.142 

112*) 

9.127 

2* 

8.233 

1* 

9.150 

1121 

8.291 

2* 

9.265 

2* 

8.316 

(2*) 

9.294 

2* 

8.366 

(11 

9.327 

2* 

8.400 

(21 

9.371 

1* 

8.442 

2" 

9.439- 

1121 

8.494 

1121 

9.489 

2* 

8.542 

2* 

9.520 

(1121 

8.602 

(11 

9.541 

2* 

8.627 

2* 

9.601 

(1121 

8.701 

(2*) 

9.694 

2* 

8.809 

(2*) 

9.863 

(1121 

8.853 

2* 

The  excitation  energies  are  uncertain  to  3-10  keV  and  the  number  of 
parentheses  around  J"  values  indicate  the  ambiguity  in  the  assignments. 
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Fig.  8.  Excitation  function  of  four  /'  - 2~  states.  The  experimental  data  are  compared  to  MSI  model 

calculations. 


tl 


Fig.  11.  Experimental  form  factor  for  the  state  at  F,  = 8.494  Me  V compared  to  the  different  shapes  of  the 
theoretical  form  factor  predictions  for  Sw  = 1~  and  J"  = 1*  states,  respectively.  The  theoretical  Ml  form 
factor  is  scaled  to  obtain  a ground-state  radiative  width  of  F°y  = 1.6  eV  as  quoted  in  ref.  4‘),  obviously  in 
disagreement  with  the  experimental  finding  which  is  consistent  with  an  El  assignment  to  the  transition. 
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TYRE  RANGE 

TYPE  RANGE 
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15-19 

D 9-13 

NAI-D 

PST 

(9. -12. 5) 

The  “S^a.^oJ^Zr  reaction  has  been  studied  over  the  energy  range  9.0 <£„  S 12.5  MeV;  there  was  no  detectable 
yield  below  9 MeV.  Data  were  taken  at  three  angles,  thus  making  it  possible  to  decompose  the  radiation  into  its  £1 
and  £2  components.  The  £1  yield,  which  is  at  least  35%  of  the  total,  shows  a broad  peak  centered  at  an  excitation 
energy  of  about  17  MeV.  Utilizing  Hauser-Feshbach  calculations,  the  magnitude  and  shape  of  the  £1  yield  is  shown 
to  be  consistent  with  the  £ 1 capture  proceeding  entirely  through  the  compound  nucleus.  The  £2  yield  is  small  at 
the  lower  bombarding  energies,  but  appears  to  be  significant  above  about  ECZtm)  =»  16.5  MeV.  Any  observed  £2 
cross  section  is  shown  to  be  much  too  large  for  the  reaction  to  proceed  mainly  through  the  compound  nucleus. 


jmJCLEAB  REACTIONS  *Sr(a,y0)MZr,  9s£,s  12.5  MeV;  measured  £y] 
|_  d<r/dSH9,Ea)\  deduced  <*<>),  (^(y.ao).  J 


FIG.  3.  Yield  curve  at  90*.  The  alpha  energy  Is  the 
mean  energy  in  the  target.  Data  are  from  different 
runs  spread  over  about  a year  and  the  error  bars  Indi- 
cate the  estimated  uncertainties  in  the  absolute  cross 
sections.  The  estimated  errors  in  the  relative  cross 
sections,  as  far  as  angular  distributions  are  concerned, 
are  about  one  half  of  the  absolute  errors. 
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FIG.  5.  Total  £1  absorption  cross  section  calculated 
from  the  measured  £1  capture  under  the  assumption 
that  the  entire  reaction  proceeds  through  the  compound 
nucleus.  Also  shown  is  the  measured  total  absorption 
given  in  Ref.  10. 


FIG.  6.  Solid  lines  are  the  £2  (y,  a0)  cross  section, 
obtained  from  the  observed  £2  capture  by  detailed 
balance.  The  cross  hatching  indicates  an  upper  limit. 
Solid  curve  Is  the  compound  nucleus  £2  (y ,a0)  expected 
from  a 4-MeV  wide  resonance  centered  at  14. 5 MeV. 

The  broken  curve  is  that  calculated  for  a direct  reaction 
proceeding  through  a giant  quadrupole  state  that  has  a 
40^  *Sr  -i-  a component.  Dotted  curve  is  the  gamma-ray 
absorption  cross  section,  divided  by  100,  expected  for 
a 4-MeV  wide  resonance  centered  at  14.  S MeV. 
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REF. 
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Zr 
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40 


REF.  NO. 


80  Ta  2 


hg 


REACTION 

RESULT 

EXCITATION 

ENERGY 

SOURCE 

DETECTOR 

ANGLE 

TYPE  RANGE 

TYPE  RANGE 

E,A 

ABX 

7-67 

D 13-67 

SPK-D 

DST 

The  (e,a)  cross  section  in  ,0Zr  has  been  measured  at  incident  electron  energies  from  1 3.5  MeV  to  66.J  VIRT.  PHOTON  ANAL 

MeV  for  a particles  between  6.9  and  16.8  MeV.  The  (y,a)  cross  section  was  deduced  from  it  assuming  both  

£1  interaction  and  £2  interaction.  The  angular  distribution  of  the  (y,a„)  cross  section  and  an  experiment 
using  the  bremsstrahlung  plus  electron  beam  make  it  clear  that  the  £1  interaction  is  dominant  over  all  the 
present  energy  range.  The  ( y,a ) cross  section  extracted  by  using  £1  virtual  photon  spectra  has  a large 
bump  above  the  excitation  energy  of  30  MeV  in  addition  to  a bump  in  the  giant  dipole  resonance  region. 

The  (y.aa)  cross  section  also  has  a bump  at  the  giant  dipole  resonance  which  exhausts  most  of  the  ( y,a ) 
cross  section  in  that  region.  The  compound  nucleus  model  was  used  successfully  to  explain  the  bump  at  the 
giant  dipole  resonance.  The  cross  section  above  30  MeV  is  discussed  in  terms  of  the  pre-equilibrium  a 
emission  process  combined  with  the  quasi-deuteron  model. 


NUCLEAR  REACTIONS  90Zr(e,a),  £,  = 13.5-66.5  MeV;  measured  da(e,  a)/dfl, 
deduced  do(y,a)/dQ  and  da{y,  a 0)/dn-  Angular  distributions;  (y,  a0)  at  £,=  17.5 
MeV  and  (e,a)  at  £,=40.0  MeV,  8a  = 45-135°.  Experiment  using  electron  plus 
bremsstrahlung  at  £,=  60.0  MeV.  Calculations,  compound  nucleus  model,  and 
pre-equilibrium  exciton  model  combined  with  quasi-deuteron  model. 


FIG.  4.  (e,a)  energy  spectrum  of  90Zr  at  8 = 90°,  for 
£,=  55  MeV.  Alpha-particle  energy  was  corrected  for 
energy  loss  in  half  target  thickness. 


FIG.  5.  Differential  cross  section  of  the  (e.u)  reac- 
tion at  0 = 90“. 
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FIG.  6.  Photoalpha  differential  cross  section  of  90Zr 
(closed  points)  analyzed  from  the  (e.oi)  cross  section  in 
Fig.  5 and  90Zr(y,  u0)  differential  cross  section  (open 
circles),  at  i/  = 90“.  £1  interaction  only  was  considered 
in  these  analyses.  The  value  of  x"  for  the  total  (>,  l) 
cross  section  was  calculated  for  the  cross  section 
smoothed  by  eye.  Solid  line  shows  90Zr(y,/i)  cross  sec- 
tion. 
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HG.  9.  ,#Zr<e,  a)  cross  sections  divided  into  four 
parts  with  particular  a-partlcle  energies. 


FIG.  13.  Alpha-particle  angular  distributions  at  £ 
*40  MeV.  * 
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TYPE  RANGE 

LU 

LaJ 
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0-12 

D 37.61 

MAG-D 

180 

Spectra  of  37 2 and  60.6  MeV  electrons  scattered  at  180*  constitute  evidence  for  very  low  ob- 
servable M\  transition  strength  and  significant  Ml  transition  strength  in  the  9 MeV  excitation 
energy  region  of  ^Zr.  This  is  consistent  with  recent  high  resolution  results  of  other  workers  at 
more  forward  angles. 

NUCLEAR  REACTIONS  ’“Zrfe.e').  E0-  37.2,  60.6  MeV;  measured 
d aid  SI  at  9-180*. 


ELECTRON  MOMENTUM,  Matt* 


FIG.  1.  Inelastic  cross  section  spectrum  of  37.2  MeV  elec- 
trons scattered  at  180*  from  90 Zr . 
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FIG.  2.  Inelastic  cross  section  spectrum  of  60.6  MeV  elec- 
trons scattered  at  180*  from  ^Zr. 
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EXCITATION 

ENERGY 
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OETECTOR 

ANGLE 

TV  PC  PAN6C 

TV  PC  RANGE 

G,N 

NOX 

12-14 

C 14 

ACT- 1 

4PI 

ISOMERIC  RATIO 

The  method  is  developed  for  calculation  of  the  isomeric  ratio  for  the  case  of  low  excitation  energy  of  the  ' ‘ " 

residual  nucleus,  and  the  isomeric  ratio  is  measured  in  the  |n.  2n  | and  ly.  n ) reactions  in  the  neutron-deficient 

nuclei  <2Mo.  *>Zr,  “Sr,  and  ’“Sc.  The  good  agreement  between  the  experimental  and  theoretical  results  on  the 

|y,  n ) reaction  has  confirmed  the  reliability  of  the  characteristics  of  the  residual  nuclei,  the  transmission 

coefficients  of  the  emitted  neutrons,  etc.,  used  in  the  calculations.  From  study  of  the  |n,  In)  reaction  we  have 

obtained  values  of  the  parameters  of  the  spin  dependence  of  the  level  density  of  the  nucleus  in  the  excitation- 

energy  region  — 14  MeV. 


PACS  numbers;  13-20.  + y.  23.40.Gr.  27.3a  + e.  27.60.  + j 


TABLE  HI.  Isomeric  ratio  in  the  fy.n)  reaction. 


Tarfti  nucleus 

•thro. 

Published  data'* 

••Mo 

1.54x0.15 

IJ4 

I.MsO.IS  (701  (0| 
i "3*":i  |t»i 

usim.u;  (3m  1 1;,| 

-7r 

1.12*0.04 

1.49 

Oiten.lo  (3m  (ii| 

••Sr 

O'lteO.Ul 

ns* 

ii.GS-o.14  (3m  (13) 

r*«4 

7.5x  1.0 

10.5  « 

8U  11 

1 ’in  parentheses  we  have  given  the  values  of  the  bremsstrah- 
lung  maximum  energy. 

i>\a  the  calculations  we  used  the  nSe  level  scheme  of  Ref.  2, 
/.=  7/2*  and  !m  = \/T. 

5 In  the  calculation*  we  used  the  level  scheme  of  ^Se  In  Ref.  3, 
/,=  9/2*  and  /„ *3/2*. 
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Notes 
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th  max 


No  Corrections. 


[NOTE:  Figure  5 - Ref  8:  Katz, 

Baker,  Montalbetti,  Can.  J.  Phys. 
II,  250  (1953)] 


Fig.  3.  (-/,«)  cross  sections  for  ZrM  and  Zr“.  The  ordinate  scale 
is  in  millibarns  (10~*7  cm1).  The  points  shown  are  those  calculated 
from  the  yield  data.  The  solid  curves  are  drawn  to  tit  the  points. 
The  dashed  curve  is  the  cross  section  reported  (see  reference  Si 
for  the  production  of  the  isomeric  state  of  Zr*’  by  photon  bom- 
bardment of  natural  Zr.  The  locations  of  the  thresholds  for  various 
reactions  in  the  two  isotopes  are  indicated  by  the  arrows. 
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Notes 
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Ftc.  5.  Cross  sections  for  the  (•/,'»)  reactions  in  zirconium 
isotopes.  Short  dashes  Zr80,  long  dashes  Zr11,  full  curve  Zr31.  The 
previously  published  Zr*°  and  Zr11  results  have  been  recomputed, 
taking  into  account  the  present  Zr32  measurements.  The  single 
and  double  slash  marks  on  each  curve  renresent  the  locations  of 
the  (y,f>n)  and  (y,2n)  thresholds  respectively.  The  units  of  the 
ordinate  arc  IQ-17  cm1. 


Taule  III.  Parameters  of  giant-resonance  cross-section  curves 
for  reactions  in  nuclei  near  50  neutrons.  Nuclides  :;AsTi, 

«iNbM,  and  uRhlu  from  reference  4,  (oZrM  and  ,oZr11  from  reference 
5 recomputed  in  present  work.  Neutron  number  is  shown  in 
column  2,  location  of  peak  cross-section  value  in  column  3.  peak 
cross-section  value  in  column  4,  half-height  width  of  curve  in 
column  5,  and  area  under  curve  from  threshold  to  23  Mev  in 
column  6. 
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3«V“ 
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«oZrM 

50 

15.S 
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.oZr“ 
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16.5 

200 

5.0 

1.22 

.oZr” 

52 

16.9 

193 

5.5 

1.24 

iiNbM 

52 

17.0 
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6.3 

1.46 

«Rh™ 
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TABLE  1 


Integrated  Cross  Sections  for  Zirconium  and  Yttrium 


Isotope 

Em»i 

a = /ax  dE 
(MeV  - barns) 

E... 

>>=  !<Jy* dE 
(MeV  - barns) 

b/a 

(MeV) 

’*Zr 

0.980 

0.108 

0.110 

28 

"Zr 

1.078 

0.202 

0.187 

30 

"Zr 

1.096 

0.447 

0.408 

28 

"Zr 

1.041 

0.577 

0.554 

30 

**Y 

0.991 

0.095 

0.096 
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Tablx  IV.  Integrated  cross  sections. 


Nucleus 

#lstC(Y.«)  + (7,£»)3 
(McV-b)* 

#lsi(7.2») 

(MeV-b)* 

(aMcV) 

Fintf7.2n) 
fi.iIt,  total)* 

(McV-b) 

O.OC.VZ/,4 

(McV-b) 

yss 

0.94 

0.10 

2S 

0.10 

1.14 

1-31 

Zr* 

0.96 

0.10 

28 

0.09 

1.16 

1-33 

Zr« 

0.88 

0.20 

30 

0.19 

1.22 

1-35 

Zr" 

0.65 

0.45 

28 

0.41 

1.23 

1-36 

Zr* 

0.43 

0.58 

30 

0.56* 

1-32 

1-38 

• All  measured  integrated  cross-section  values  are  given  for  an  energy  region  from  threshold  to  Eymit.  For  the  Zr"  and  Zr"  eases,  it  was  necessary  to 
extrapolate  the  low-energy  part  of  the  total  photoneutron  cross  section  down  to  threshold:  the  error  introduced  in  this  process,  however,  is  less  than  0.5%. 
► The  word  "totai"  in  this  table  refers  to  the  total  photoneutron  cross  section  +(y.#«)  +(y.2«)  and  excludes  the  (7.7)  and  (y.p) 


* This  value  includes  the  contribution  of  eiatfrJn),  which  equals  0.03  MeV-b  from  threshold  to  30  MeV. 
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A.  («p) 
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0.10 
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65.3 
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0.28 

105.9 

109.0 

109.3 
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FIG.  3.  A portion  of  the  threshold  pliotoneutron  spectrum  of  9lZr.  Prominent  resonances  are  labeled  with  their  ener- 
gies  in  keV. 
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Using  electron  bremsstrahlung  with  up  to  5-MeV  end  point  energy,  the  resonant  scattering  of  y rays  by  an 
enriched  sample  of  ’‘Zr  has  been  studied.  Substantial  resonant  scattering  was  observed  from  14  levels.  An 
additional  17  known  levels  were  found  to  give  rise  to  marginal  peaks  or  to  no  observable  scattering.  In  a few 
instances,  the  transition  strengths  corresponding  to  the  resonance  fluorescence  yields  could  be  compared  with 
the  results  of  other  lifetime  measurements  and  with  the  strengths  expected  under  different  assumptions 
concerning  the  nature  of  the  levels  involved. 


14  LEVELS  1.2-4. 7 MeV 


TABLE  H.  Properties  of  the  31Zr  levels  studied  with 
bremsstrahlung  of  energy  S5  MeV. 
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l * 
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1.0 

0.07  ±0.11 

1.466 

(1) 

5* 

T 

1.0 

12) 

±0.4 
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(1) 

T ♦ 
T 

1.0 

3.0 

±1.1 
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(1) 

j» 

T 

1.0 

27.3 

±2.6 
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(1) 
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T 
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6.3 
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5 ' 

T 
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0.5 
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r* 

T 

1.0 

1.5 

±0.8 

22)67 

(1) 
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±0.1 
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i* 

T 
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0.8 
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<T>' 
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4 

±2 
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<T>" 

1.0 

24 

±4 

(2.776) 

1.0 

4 

±3 

2.811 

(1) 

<T>” 

0.78 

23 

±4 
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(3) 

T 

8 

±3 

(3.235) 

1-  3* 
T ’T 

1 

±3 
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1*  j* 
T >T 

3 

±3 

3.476 

(1) 

l-  3* 
T ’T 

1.0 

90 

±10 

3.576 

(1) 

f 3" 

T * 7 

40 

±7 

3.631 

(3) 

(Tr 

1.0 

46 

±18* 

3.704 

(3) 

25 

±9 
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(2) 

1 ’ 3- 

7 * 7 
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(4.674) 

1*  jr 
7 ’7 
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±30 

(4.704) 
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*For  weak  excitations,  the  energies,  given  in  paren- 
theses, were  taken  from  the  literature  (Refs.  2,  3,  5,» 

17,  and  18).  For  well-defined  excitations,  the  energies 
determined  in  the  (y,y)  experiments  are  listed,  with  the 
uncertainties  in  units  of  the  last  digits  given  in  paren- 
theses. 

sFrom  Refs.  5 and  13. 

'Based  on  Refs.  2,  16,  and  17. 
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paper . ___ ___ ______________ 
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Fic.  5.  Crms.  -itinns  fur  the  (y.ttl  -reactions  in  zirconium 
isotopes.  Short  /r"  lung  flashes  Zr81.  full  curve  At**.  The 

previouslv  publisht-d  Zr*  anil  Zr81  results  have  been  recomputed, 
taking  into  account  the  present  Zr88  measurements.  The  single 
and  double  slash  marks  on  each  curve  represent  the  locations  of 
the  (y.ptii  and  - Jm  thresholds  respectively.  The  units  of  the 
ordinate  are  HI  ■ in1 


Table  III.  Parameters  of  giant-resonance  cross-section  curves 
for  (y,n)  reactions  in  nuclei  near  50  neutrons.  Nuclides  -iAs7'1 
siNb”,  and  iSR.h‘M  from  reference  4,  «oZr®  and  »oZr*1  from  reference 
5 recomputed  in  present  work.  Neutron  number  is  shown  in 
column  2,  location  of  peak  cross-section  value  in  column  3.  peak 
cross-section  value  in  column  4,  half-height  width  of  curve  m 
column  5,  and  area  under  curve  from  threshold  to  23  Mev  in 
column  6. 
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»As" 
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90.3 

9.0 
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„Sr“ 

48 

15.9 
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5.0 

0.92 

aSr*1 

49 

15.8 
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5.3 

1.00 

nSr** 

50 

16.3 
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4.0 

1.05 

»Y- 

50 
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■3.8 

0.37 

.»Zr» 

50 

15.8 
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4.3 

0.98 

soZr81 

51 

16.5 

200 

S.O 

1.22 

«oZr” 

52 

16.9 
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5.5 

1.24 

*.Nb» 

52 

17.0 
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1.46 
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Integrated  Cross  Sections  for  Zirconium  and  Yttrium 
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0.110 

28 

*lZr 

1.078 
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Tabu  IV.  Integrated  cross  sections. 
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(MeV) 

v\*i(y,2n) 
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(McV-b) 
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(McV-b) 
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0.94 

0.10 

28 

0.10 
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1-51 

Zr" 

0.96 

0.10 

28 

0.09 

1.16 

1-53 

Zr*1 

0.88 

0.20 

30 

0.19 

1.22 
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Zr" 

0.65 

0.45 

28 

0.41. 

1.23 

1-56 

Zr" 

0.43 

0.58 

30 

0.56* 
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1-58 

• All  measured  integrated  cross-section  values  are  given  for  an  energy  region  from  threshold  to  Eymtt.  For  the  7. i-  and  Zr**  cases,  it  was  necessary  to 
extrapolate  the  low-energy  part  of  the  total  photoneulron  cross  section  down  to  threshold:  the  error  introduced  in  this  process,  however,  la  less  than  04%. 
» The  word  "total”  in  this  table  refers  to  the  total  photoneulron  cross  section  +(■».#«)  +(7.2*)  -t-fyjn)].  and  excludes  the  (7.7)  and  (y,p) 


* This  value  ■~-i.LrU«  the  contribution  of  cmIy-Ih).  which  equals  0.03  MeV-b  from  threshold  to  30  MeV. 
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Fig.  11.  (a)  Total  photoneutron  cross  section  for  Zr".  fb) 
Single  photoneutron  cross  section  for  Zr*1.  (c)  The  (y,2n)  cross 
section  for  Zr". 
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TABLE  1 


Integrated  Cross  Sections  for  Zirconium  and  Yttrium 


Isotope 

a 3 /<t««  dE 
(MeV  - barns) 

b = I<jvtmdE 
(MeV  - barns) 

b/a 

E.u 

(MeV) 

"Zr 

0.980 

0.1 08 

0.110 

28 

"Zr 

1.078 

0.202 

0.187 

30 

"Zr 

1.098 

0.447 

0.408 

28 

"Zr 

1.041 

0.577 

0.554 

30 

**Y 

0.991 

0.095 

0.098 

28 
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REF‘  B.  L.  Berman,  J.  T.  Caldwell,  R.  R.  Har  ay,  M.  A.  Kelly,  R.  L.  Bramblett 
and  S.C.  Fultz 


ELEM.  SYM. 


Zr 


94 


40 


METHOD 


REF.  NO. 


67  Be  2 


REACTION 


RESULT 


EXCITATION 

ENERGY 


SOURCE 


TYPE  RANGE 


DETECTOR 


ANGLE 


G,N 

G,2N 


>y  ABX 
ABX 


THR-30 

THR-30 


D. 

D 


THR-30  BF3-T 

THR-30  BF3-I 


Tab  LX  IV.  Integrated  cross  sections. 


Nucleus 

FUtC(T.*)+(T,^»)3 

(MeV-b)* 

»isi(t.2n) 

(McV-Ii)* 

Ey  fH4S 

(McV) 

Flat (7,  total)* 

( {v)<rmr 
(McV-b) 

QMUZ/A 

(McV-b) 

V** 

0.94 

0.10 

28 

0.10 

1.14 

Ul 

Zr** 

0.96 

0.10 

28 

0.09 

1.16 

1-33 

Zr** 

0.88 

0.20 

30 

0.19 

1.22 

1-35 

Zr** 

0.65 

0.45 

23 

0.41 

1.23 

1-36 

Zr** 

0.43 

0.58 

30 

0.56* 

1-32 

1-38 

AEl 
4 PI 


* All  measured  Integrated  crow-section  values  are  given  for  an  energy  region  from  threshold  to  £«,. ..  For  the  Zr"  and  Zr"  cases,  it  was  necessary  to 
extrapolate  the  low-energy  part  of  the  total  photoneutron  cross  section  down  to  threshold : the  error  introduced  in  this  process,  however.  Is  less  than  0.5%. 

* The  word  ''total"  in  this  table  refers  to  the  total  photoneutron  cross  section  efCv.n)  + (t.F»)  + <7.2«)  + (7 J») 3.  and  excludes  th*  (7.7)  and  (7,;) 
cross  sections. 

* This  value  includes  the  contribution  of  <w(7i)x).  which  equals  O.QJ  MeV-b  from  threshold  to  30  MeV. 
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Fio.  12.  (a)  Total  photoncutron  crow  section  #C(t.")+(t,i>») 
-I-  (7,2*)  4-  (7, 3n>  ] for  Zr".  (b)  Single  photoncutron  cross  section 
for  Zr**:  (c)  The  (7,2*)  cross  section  for  Zr**.  (d)  The  (7,3*) 
cross  section  for  Zr**. 


:3 

A=93 


i-irCEIUH 

Z=41 


Niobium  is  a metallic  element  closely  associated 
with  tantalum  in  ores  and  in  properties;  it  was 
named  in  1844  by  the  German  chemist  Heinrich  Rose 
after  the  goddess  Niobe,  daughter  of  Tantalus. 

It  was  first  discovered  in  1801  in  a New  England 
mineral  by  the  British  chemist  Charles  Hatchett, 
who  called  the  element  columbium.  By  international 
agreement  in  1949,  chemists  established  the  name 
niobium  but  the  name  columbiun  persisted  strongly 
in  the  U.S.  metallurgical  industry. 
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ELEM.  SYM.  A 


Nb 


93 


41 


REF.  NO. 

58  Ch  2 


NVB 


s.G.  C.iidley,  L.  Katz,  S.  Kowalski 
Jan.  J.  Phys.  ^6,  kOJ  (1958) 


Betatron 


reaction 

RESULT 

EXCITATION 

ENERGY 

SOURCE 

detector 

ANGLE 

TVPC  RAN  GC 

TV  PC  RANGE 

G,  N 

RLY 

THR 

C THR 

BF3-I 

4PI 

TABLE  I 


THRESHOLD 


Measured  photokeutron  thresholds 


Reaction 


Measured  Other  Q values, 
Q value,  Mev.  Mcv. 


Method 


Reference 


X b“<7.  n).\b** 


8.86*0.05 

8.70  *0.20  Threshold  Sher  et  al.  (1951) 
8.69  *0.40  Mass  data  Wapstra  (1955) 


See  58  Ka  1 for  cross  sections. 
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L.  Katz,  G.B.  Chidley 

Nuclear  Reactions  at  Low  and  Medium  Energies  (Academy  of  Science, 
USSR:  1958)  371 


m k_  CM.  d I M.  r* 


Nb 


93 


i+1 


METHOO 


Betatron;  neutron  cross  section;  BF^  counters;  ion  chamber  monitor 


REF.  NO. 

58  Ka  1 


NVB 


REACTION 

RESULT 

excitation 

ENERGY 

SOURCE 

DETECTOR 

ANGLE 

TYPI  RANGE 

G,XN 

ABX 

9-22 

C 9-22 

BF3-I 

kPI 

Ta6 iuta  2 


Ilo pot u ucnycMHu*  tpomoHtumponoe 


Hbotob 

Bm  M94 

Btm.  4* 

HaoToa 

;B„  Mm 

Bm.  Mm 

ysi 

11.16 

20.t 

H3® 

8.81 

16,1 

Mn» 

10.14 

19.2  | 

priu 

9,46 

17.6 

Co*® 

10.44 

18,6 

Tb'3® 

8.16 

14.8 

As75 

10.24 

18.1  | 

Ho'®3 

8.10 

14,6 

yso 

11.82 

20,7 

Tti'c® 

8.00 

14.7 

Nb®3 

8,86 

17.1 

7.77 

14.2 

Rh103 

9.46 

16.8 

'’*^161 

7,66 

13.8 

J1J7 

9.14 

16,2 

-LU'®7 

7,96 

13.3 

Csua 

9.11  . 

16.5 

20a 

7.43 

14.5 

THRESHOLDS 

ae  npaueiicHU,  nocitoJibKy  ohm  npcubunaioT  ^2  nua  ao  ua..  caynaar,  Kpoiwe 
aojiOTa,  juia  KOToporo  j53jt=21  Mm.  CaoiicTua  cc'iemti  3c(t)  cbgschu 
b Tao.’i,__3, — — - --  • 

Ta6iam  1 


Hiotoo  'j 

•a  (S7).  6apn 

;r.  Mm 

i”. 

Mm  • 6a  jm 

T<22). 

10*  H«OmpOM/l00  p • MOA* 

V61 

18,4  i 

0.062 

. 5.2 

. 0,33 

1,62 

Mn» 

20.2 

0.060 

7.0 

0,39 

2,01 

Co3® 

18,3  i •• 

0,068 

6.3 

0.44 

1 2,30 ; 

As73 

16.4  - 

0,090 

9.5 

0,74 

4.25 

ys# 

17.1  | 

0,172 

5,2 

0.93  . 

5.33 

Nb®3 

18.0  “ 

'■•0.156' 

7,5 

1,17 

6,80 

Rh1®3 

17.5 

0,160 

9.4 

1.40  ' 

8.28 

J1Z7 

15,2 

0,273 

6,8 

1,76 

11.9 

C s'33 

16.5 

0,238 

7.7 

1.59 

10,7 

La13® 

15.5 

0.325 

3,8 

1.55 

11.2 

prui 

15,0 

0,320 

4,9 

1,93 

13.1 

Tb13® 

15.6 

0,274 

9.8 

2,49 

18.1 

Ho'« 

13,5 

0,305  . 

8.9 

2,52 

18,7 

Tm1M  • 

16.4 

0,250 

- 8.4 

1.91 

14,9 

Lu‘«  • 

16.0  " 

0,225 

8.4 

1,90 

23,0 

Taiw  . 

14,5 

0,380 

8,5 

3.15 

. 22,0 

Aui« 

13.8 ' ! 

. 0,475 

4,7 

3,04 

22,6 

Bi*“ 

13.2 : , 

0.455 

5.9 

2,89 

23.2 

B(y.Zn) 

* ~ 10  « n & in  to  u~it  m 

6 r 

Phc.  6. 

a — Blixoa  <ptno.i>-iTpoHO»  JU1H  Nb;  <J  — cr,(£L) 

■ «C<T)  m"  Nb 
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Ref.  E.  Silva,  J.  Goldemberg,  P.B.  Smith,  L.  Marquez 
II  Nuovo  Cimento  2)  17  (1958) 


Elem.  Sym. 

Nb 


95 


kef.  No. 

58  Si  2 


kl 


Method 


22  MeV  Betatron;  activation;  NaT. 


EH 


Reaction 


E or  AE 


<7  d E 


J n 


Notes 


(Y,n) 


8-22 


17 


1.25  HeV-b 
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Ref.  Me E.  Toms,  J.  McElhirmey 
Phys.  Rev.  m,  561  (1958) 


Elea.  Sym. 


Nb 


Ref.  No. 


93 


in 


Method 


Becatron;  alpha  yield;  nuclear  emulsion 


58  To  2 


NVB 


Reaction 


E or  AE 


s 


a dE 


Jv 


Notes 


Nb95(7,a) 


Bremss. 

22 


Yield  = 0.5x10  alpha/mole/roentgen 


. L 


c.cz- 


I !. 


1 1 


r 


;o  30  -o 

4TC.*.::C  rur/iis  z 


;0 


I s;;.  S.  PIioto-:’..;)i..i  yields  pioUerl  ncuir.st  .iloiviic  numbers 
for  the  exposures  oi  ihc  survey. 
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Ref.  W.C.  Barber,  V.J.  Vanhuyse 
Nuclear  Phys.  1 6,  381  (i960) 


Method 


Stanford  Mark  II  accelerator;  virtual  and  real  photon  spectrum  from 
electrons;  magnetic  spectrum;  KI  scintillator  crystals. 


Elem.  Sym. 

Nb 


93 


Ref.  No. 

60  Ba  5 


kl 


JHH 


Reaction 


E or  &E 


"iPT 

J*  =230 ±25$  MeVmb 
0 


S 


<7  d E 


J ” 


Notes 


Hb93(Y,p)  Ee.=  ^ 


JadE  from  calculated  real  and  virtual 
photon  spectrum. 


m#v) 

Fig.  14.  Excitation  of  a group  of  protons  from  Nb  as  a function  of  primary  electron  energy. 
The  curve  was  drawn  arbitrarily. 


i 4.  Energy  distribution  of  protons  from  Nb.  The  curves 
normalized. 


are  calculated  distributions  arbitrarily 


Tft 
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Nb 
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Fig.  9.  Angular  distribution  of  proton  from  Nb  Th.  curve  is  a plot  of  the „pre».on  Fi  ,7  Di,(CTentlil  ,or  produclnlt  protons  ,rom  Nb  as  a funct.on  of  photon  energy 

cos  9 + 0.41  sin*0  + 0.65  cos  0 sin*9)  x 10-1*.  which  ts  a four-parameter  least-squarea  fit  to  the  data.  The  htswgtam  was  drived  by  a photonlfferenc.  analyse  of  fig.  14. 
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W. C.  Barber,  V.J.  Vanhuyse 
J.  Fhys.  Radium  21,  299  (I960) 


Mb 


93 


4l 


METHOD 


Linac;  proton  spectrum;  angular  distribution;  magnetic 
spectrometer 


REF.  NO. 

60  Ba  6 


NVB 


REACTION 

RESULT 

EXCITATION 

ENERGY 

SOURCE 

DETECTOR 

ANGLE 

TYPE  RANGE 

G,P 

SPC 

17*40 

C 10-40 

MAG-D  5-18 

DST 

Fic.  3.  — Distributions  angulaires.  E%  = *0  MoV. 
:<  Ep  ■=  .'>.05  — 0.53  Me V ; 

1 4-  ». UK  sm3  0(|  -h  O HO  rns  0). 

O E9  — 5,75  — 7,  »5  MeV  ; 
t -J-  0.:i|  sma  *1(1  -h  O.'J'J  cos  0). 

0 Ep  =•  7.05  — S/.5  MeV  ; 
t -r  0,37  sin3  0(1  4-  1,-0  cos  0) 


de  photons  reels  rty  (produits  par  le  rayonnement  de 
f reinage  dans  l'emetteur  secondaire,  les  fenetres  et 
la  cible)  et  du  nombre  de  photons  virtuels  nt  dans 
la  cible.  II  a ete  tenu  compte  de  n T et  de  nt  dans 
le  calcul  de  fi(£0t  k).  Pour  le  caicul  de  n9  on  a sup- 
pose qu  on  avail  des  transitions  £t. 


c am  somme  disochro  males  do  17,21  et  25  MoV  ; 
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K.  N.  Geiier,  J.  Halpern,  and  E.  G.  Muirnead 
Phys.  Rev.  _U8,  1302-12  (i960) 


Nb 


93 


14-1 


METHOO 

Betatron;  neutron  threshold;  ion  chamber 


REF.  NO. 

60  Ge  3 


NVB 


REACTION 

RESULT 

EXCITATION 

ENERGY 

SOURCE 

DETECTOR 

ANGLE 

T Y PC  RAN  QC 

TVPI  RANGC 

G,N 

N0X 

THR 

C THR 

BF3-I 

4 PI 

THRESHOLD 


Kmcl  Um 


No.  runs 


Nb»(T(*)Nb- 


Present  rcsull* 


Oilier  results 


Method 


8.78±0.06 


>8.61  ±0.52 
8.86  ±0.05 


mess  date 

<2<«) 

threshold 


Reference 


m 

n 

f 


• U J.Tid^sky.kRev*!’MjSn  ^ PI^29^77MI957?“  Univer,ity  Prem'  New  York.  1958),  p.  177. 
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Ref. 


R.E.  Welsh,  D.J.  Donahue 
Phys.  Rev.  121,  880  (1961) 


Elem.  Sym. 

Nb 


93 


Ref.  No. 

61  We  1 


41 


Method 


Monoergic  y's  from  thermal  n-capture;  activation 


JHH 


Reaction 


E or  AE 

E 

0 

s 


a d E 


J IT 


Notes 


(Y>n) 


8.997 

9.30 

9.73 


Measurement  of  0.930  MeV  y from  decaj 
of  Nb92. 


Data  in  Table  II  (millibams).  Fig.  6 
\ thresh.  “ ± °-<*  MeV. 


Fio.  6.  Cross  section  vs  energy  NbM(y,»)Nb”(lO  day).  The  line 
indicates  a possible  extrapolation  to  threshold. 


Table  II.  Summary  of  measured  cross  sections. 


y-ray  source 
\ Energy  (Mev) 
Reaction\ 

Co  Fe 

7.49  7.64 

.41 

7.73 

Cu 

7.91 

Cl 

8.56 

Ni 

8.997 

Fe 

9.30 

Cr 

9.72 

Fe 

10.16 

N 

10.83 

Ta‘“(y,n)Tal“» 

0±0.05  0.5±l 

4.8±1.6 

14±S 

32±16 

44±  15 

83±33 

120±48 

Au“»(y,»)Au1M 

... 

0±2 

34±  17 

44±11 

64±30 

80±30 

Hol“(y,»)Ho1M 

... 

0±0.1 

29±15 

30±18 

46±21 

86±31 

260±93 

Nb3,(7,»)Nbw 

... 

0.008±0.005 

1.0±0.4 

2.4±0.7 

Ag‘»’(7.n)Ag>« 

0±0.1 

4.4±1.5 

22±16 

23±7.5 

J l L 
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Nb 
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Ref.  No. 

63  Mi  5 


1+1 


Method 


Betatron;  proton  yield;  angular  distribution;  scintillator; 
ion  chamber 


NVB 


Reaction 


E or  AE 


ad  E 


J «• 


Notes 


Nb95(Y,xp) 


Bremss. 
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Angular  distribution: 

Y(0)  = a + b sin^0  (l  + p cos  9)‘ 

where  a = 23±8;  b = 71±13; 
p = 0. 1±0. 1;  and  b/a  = 3. Oil. 2. 

Yield  (Kp  > 8 MeV): 

(2.8±0.7)  10^  protons/mole-r . 


Yield  (3.7  < Ep  < ll+): 


(21±2)  105' 


Flo.  i.  The  value*  of  the  fa*C  photoproton  aui*ntrY.|»x  1 ivllirient  6 n (..mid  l*v  the  percent 
author*  1 #1  .•«.«!  other  xn-rLer*  >0)  the  rnjum  »•!  thi-  |irriiiiiir  t.ddc  10  < £ < .'al.  Arrow* 
indicate  mi— c. »le  pmiit*.  I he  reference*  to  the  remit*  id  other  worker*  are  -»iveit  m l\»Me  II 
The  demarcation*  are  explained  m the  teat. 
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Ref-  R.M.  Osokina 

Zhur.  Eksp.  i Teoret.  Fiz.  kb,  kbb  (19 63) 
Soviet  Phys.  JETP  303  (1963) 


Elem.  Sym. 


Nb 


93 


Ref.  No. 

63  Os  1 


41 


Method 


39  MeV  Synchrotron;  emulsions 


JHH 


Reaction 


E or  AE 


s 


o d E 


J * 


Notes 


(y>p) 


19.5 

23.5 

27.5 


Relative  yields: 
(Ep  ^ 3 MeV) 

1.00  ± 0.04 

1.58  ± 0.04 

2.22  ± 0.10 


jfc 


J.  Angular  distributions  of  photo* 

, from  Nb”  for  E^.,  - 19.5  MeV  (a), 
P < MeV  (b),  and  27.5  MeV  (c).  The  histo* 
grams  are  the  experimental  results.  The 
smooth  curves  represent  distributions  of  the 
forms  1(d)  ■ a + b sin1  9 and  1(d)  - a 
+ b sin1  d + c sin1  d cos  d.  The  parameters 
a,  b,  and  c obtained  by  least  squares  are 
given  in  Table  II. 
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*p  max  * Symaa  * Bp- 

Table  IL  Angular  distribution  parameters  obtained 
by  least  squares 


\ M«V 

it.* 

a* 

n.s 

dm 

All 

protons 

>3  MeV 

60. 0± 
±5.1 

45. 1± 
±7.3 

0.75± 

±0.18 

63. 7± 
±4.7 

34. 4±  i0.54± 
±6.5  j±0.15 

75.  t± 
±5.3 

21. 3± 
±6.8 

- 

0.23± 

=0.11 

- 

3— « MeV 

26. 5± 
±3.2 

8.5± 

±4.4 

0.32± 

±0.20 

22. 1± 
±2.8 

3.0± 

±2.7 

0.14± 

±0.13 

25. 4± 
±2.6 

— 3. 1± 
±3.8 

- 

-0.12± 

=0.14 

- 

6— tOMcV 

29. 9± 
±3.9 

37. 3± 
±5.6 

1.25± 

±0.34 

31. 1± 
±3.3 

26. 2± 
±4,9 

0.84± 

±0.25 

35. 5± 
±3.2 

12. 8± 
=4.5 

- 

0.36± 

±0.17 

- 

>10  MeV 

3.6± 

±1.3 

-0.7± 

±1.7 

— 0.19± 
±0.53 

10.5± 

±1.8 

5.2± 

±2.5 

0.49± 

±0.33 

14. 3± 
±2.2 

11. 6± 
±3.2 

10. 6± 
±3.1 

0.81± 

=0.34 

0.74± 

±0.22 

10-12AUV 

— 

— 

— 

— 

8.4± 

±1.6 

6.1± 

±2.2 

2.2±  j0.72± 
±2.1 1=0.39 

0.26= 

±0.29 

>!2  M*V 

— 

— 

— 

— 

— 

5.9± 

±1.5 

5.6± 

±2.1 

7.8±!0.94± 
±1.9 l±0.53 

t.31± 

*0.39 

form  NBS-418 
ie-t-63) 

UJCOMM-OC  tSSSS-PSS 


U.S.  DEPARTMENT  OF  COMMERCE 
NATIONAL  BUREAU  OF  STANDARDS 


PHOTONUCLEAR  DATA  SHEET  442 


J.  A.  Scheer,  K.  SchLupmann  und  F.  Triantaf yl Lidis 

Nucl.  Phys.  ^6,  113-116  (1964) 


EL  EM.  SYM. 


Nb 


93 


41 


method 


REF.  NO. 


Betatron 


64  Sc  1 


JOC 


REACTION 

RESULT 

EXCITATION 

ENERGY 

SOURCE 

OETECTOR 

ANGLE 

TYPE  RANGE 

TYPE  RANGE 

G,A 

SPC 

THR  - 33 

C 33 

SCD  6- 14 

90 

ABS  YIELD 


Tabills  1 

Mefldaten  und  Ergebnisse 


Ti 

Ni 

Cu 

Nb 

Targetdicke  (mg/cm*) 

2.08 

1.52 

9.90 

8.87 

Bcstrahlungsdauer  (h) 

52.5 

55.5 

18.0 

84.5 

Registrierte  Teilchenanzahl 
(4  S £,  £ 12.6  MeV) 

1861 

2376 

2333 

1987 

Lage  des  Maximums  E der 

Energieverteilung  (MeV) 

6.4 

8.2 

8.5 

11 

Halbwembreite  des  Maximums  (MeV) 

2.8 

2.8 

4.0 

3.5 

Mittlerer  Energieverlust 
im  Target  bei  £«  - (MeV) 

0.4 

0.25 

1.7 

1.1 

Ausbeute  in  /sb/MeV  ») 

22±3.5 

♦5±7 

23  ±3.5 

5.5±0.8 

•)  VgL  Bemerkung  •)  in  Tabetle  2. 

T ABELLS  2 

Vergleich  der  Ergebnisse  verschiedener  Autoren 

E,(MeV)  Ti 

Ni 

Cu 

Nb 

Ausbeute  (10*  x SJMol.  r) 

Boutegue  31 

Diese  Arbeit*)  32.5  48 ±7 

58.7 

98±15 

50.8 

50±7.5 

12±  1.8 

Toms  und  McElhinney  21.5 

39.4 

26 

4.6  ») 

Relative  Ausbeute 

Bouligue  31 

Kregar  und  Povh  30 

Diese  Arbeit  32.5  0.49±0.08 

1 

1 

1 

0.87 

0.54 

0.51  ±0.08 

0.12±0.02 

Toms  und  McElhinney  21.5 

1 

0.66 

0.12*) 

•)  Die  Fehlerangaben  beinhalten  auch  die  Unsicherheit  in  der  Absoluteichung  der  IntensiUU  des 
y-S  trebles. 

s)  Dieser  Wert  wurde  a us  nur  14  beobachteten  Ereignissen  bestimmt. 


Abb.  1.  Die  erhaltenen  Encrgie-Spektren  der 
Photoaiphateilchen  aus  Ti,  Ni,  Cu  und  Nb. 


form  NBS-418 

(REV.  7-I4.S4I 
USCOMM.OC  260I0.PS4 


PHOTONUCLEAR  DATA  SHEET  443 


U.S.  DEPARTMENT  OF  COMMERCE 
NATIONAL  BUREAU  OF  STANDARDS 


H£P. 


EL  EM.  STM. 


A 


i 


K.  Schlupmann,  R.  Wendling 
Naturwissenschaf ten  16,  380  (1964) 


Nb 


93 


41 


METHOD 


REF.  NO. 


Betatron 


64  Sc  3 


NVB 


REACTION 

RESULT 

EXCITATION 

ENERGY 

SOURCE 

DETECTOR 

ANGLE 

TYPE  RANGE 

TYPE  RANGE 

G ,XP 

SPC 

C 32 

SCI-D  2-15 

90 

ABY 


18 


Hb 

MeV-ster  ± 2 


1'tU.  i.  Uucr^icvertciluni;  dcr  bei  dcm  1‘ri.zuti  MNb(v,  p)n7.z 
er.tsielicndcn  l'rotonci. 


FORM  NBS-4J8 

(REV.  7.14>«4I 
USCOMM-OC  280I0-P84 


PHOTONUCLEAR  DATA  SHEET  444 


U.S.  DEPARTMENT  OF  COMMERCE 
NATIONAL.  BUREAU  OF  STANDARDS 


REF. 


CL  tM.  STM. 


W.  B.  Walters  and  J.  P.  Hummel 
Phys.  Rev.  150.  867  (1966) 


Nb 


METHOD 

Betatron 


REF.  NO. 

66  Wa  1 


93 


41 


JDM 


REACTION 

RESULT 

EXCITATION 

ENERGY 

SOURCE 

DETECTOR 

ANGLE 

TYPE  RANGE 

TYPE  RANGE 

G,2P4N 

RLY 

THR-  280 

C 150,280 

ACT- 1 

4PI 

Measured  isomeric  yield  ratios. 
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The  activation  yield  curves  have  been  presented  for  a number  of  photonuclear  reactions  in  the  ejtergy  range  from  30  to 
68  MeV,  in  order  to  evaluate  quantitatively  the  interferences  due  to  competing  reactions  in  multielement  photon  activation 
analysis.  The  general  features  of  the  yields  as  functions  of  both  target  mass  number  and  excitation  energy  were  elucidated 
from  the  data  obtained,  discussion  being  given  on  the  results  in  terms  of  the  reaction  mechanism. 

Simultaneous  neutron  activation  due  to  appreciable  neutron  production  from  the  converter  and  surrounding  materials 
has  also  been  studied,  and,  finally,  the  magnitudes  of  interferences  in  real  multielement  analysis  were  given  in  the  form 
of  their  energy  dependences. 
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Fig.  2.  Yield  per  equivalent  quanta  versus  target  neutron  num- 
ber. 


Fig.  7.  Activation  yield  curves  for  the  reactions  on  Y.  Zr.  Nb 
and  Mo. 
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Fig.  9.  Yields  of  the  (y,  n)  reactions  as  a function  of  brems- 
strahlung  maximum  energy  and  target  mass  number.  The 
numerical  values  in  the  figure  are  yields  per  equivalent  quanta 
in  mb. 
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The  charge  distribution  of  residual  nuclei  has  been  studied  in  the  disintegration  of  ”Nb  by  bretnsstrahiung 
= A3  GeV.  Identification  of  the  residual  nuclei  and  determination  of  their  yields  were  earned  out 
by  detecting  the  induced  activity  by  means  of  a semiconductor  Ge(Li)  detector.  Study  of  the  charge 
distribution  of  isobars  and  comparison  of  the  data  obtained  with  the  results  of  hadron-nucleus  reactions 
permitted  us  to  determine  some  regularities  of  the  nuclear  disintegration  and  to  predict  the  probability  of 
formation  of  residual  nuclei  which  are  hard  to  measure  by  the  activation  method.  For  quantitative  ««««>« 
of  the  yields  of  the  reaction  products  we  used  the  five-parameter  Rudstam  formula.  The  nature  and  properties 
of  the  isobar  and  mass  yields  are  discussed  in  comparison  with  calculations  in  terms  of  a two-step 
evaporative  model. 


*4.5  GEV  39  FINAL  Z,A 


PACS  numbers:  13.20.  + y,  27.60.  + j 


FIG.  X.  Curves  of  the  charge  distribution  of  products  of  the 
reaction  Nb*y  for  the  following  mass  intervals:  a)  90-34, 
b)  83-75,  c)  74-  65.  Points:  *-Nb,  a-Zr,  a-Y,  :-Sr,  =-Rb, 
A-Br,  T-Se,  e-As,  O-Ga,  x—Zn.  v-Co;  cl  calculation  with 
the  cascade-evaporative  model*  for  the  reaction  Mo*p  (in 
relative  units);  the  clashed  curve  is  for  a proton  energy  1800 
MeV. 


FORM  NSS-4IS 
IR  ev.  ?.  I 4-441 
USCOMM-OC  240I0-P44 


. r '•‘“‘s*  me  cnarge  distribution,  as  a 

function  of  the  mass  number  of  the  product.  Calculations  of 
the  cascade-evaporative  model11  for  the  reaction  Nb  ♦ p with 
the  following  proton  energies:  462  MeV  (solid  curve),  944  MeV 
dashed  curve),  1844  MeV  (dot-dash  curve).  Points:  O-data  of 
the  present  work,  A— data  of  Ref.  X3. 
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Molybdos  is  the  term  first  applied  by  the  Greeks 
and  Romans  to  describe  minerals  that  were  soft  and 
lead-like  in  appearance.  The  word  molybdenum  itself 
was  first  introduced  around  1816.  Native  molybdenum 
disulfide  is  a soft  black  mineral  that  looks  like 
graphite.  Up  until  the  later  part  of  the  eighteenth 
century,  both  were  sold  under  the  same  name: 
Molybdan,  or  molybdenum.  The  German  writers 
called  molybdenite  "Wasserbley,"  a name  suggestive 
of  lead.  Molybdenite  was  first  identified  by  the 
Swedish  chemist,  Karl  Wilhelm  Scheele  in  1773. 
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Table  I.  Target  thickness  and  the  constants  a and  b in  the 
angular  distribution  curve  a+(sin0+&  sin d cos0)’. 


Element 

Target  thiclcnesa 

mg/cm*  a 

b 

Carbon 

132 

0.32 

0.80 

Aluminum 

274 

0.58 

1.35 

Nickel 

352 

0.94 

1.45 

Molybdenum 

295 

0.62 

2.00 

Fig.  5.  The  angular  distributions  of  protons  with  an  energy  above  14  Mev. 


Fig.  10.  The  relative  yield  per  mole  for  protons  above  14  Mev 
as  a function  of  the  atomic  number. 
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Angular  distribution: 
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a + b sin^0  (l  + p cos  9)^  f 


where  a = 46±10;  b = 55  ± 15; 
p 3 0.2±0.2  and  b/a  = 1.2±0.i. 


Yield  (Ep  > 8 MeV): 

(2.7±0 .6)  105  protons/mole-r. 
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Fig.l.(b)  Complex  scattered  spectrum  from  Mo  excited 
by  Cu  capture  rays  (with  Zr  background) . 
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Tabu  HL  List  oi  effective  cross  sections. 


Scatterar 

Energy  Gamma 

(MeV)  aourca 

< 

(mb) 

Scatterar 

Energy 

(MeV) 

Gamma 

source 

4 

(mb) 

Sm*a 

8.997 

Nl 

100 

Sa 

7.01 

Cu 

110 

8.881 

Cr 

9 

Nd 

6-867 

Co 

30 

La 

S_532 

Nl 

6 

Pr*d 

6.867 

Co 

J 

T« 

8.333 

Nl 

3» 

Te 

6.7 

Ni 

Cn 

8.499 

Cr 

24 

La 

6.34 

Ac 

12 

Zr 

8.496 

Se 

3030 

Cd 

6.474 

Co 

110 

Zn 

8.119 

Nl 

13 

Mo 

6.44 

Hg 

25« 

Sa 

7.817 

Nl 

30 

La 

6.413 

Tt 

72 

Sc 

7.76 

K 

90 

Mo 

6.413 

Ti 

10 

Sb 

7.67 

V 

..  .a 

Tl 

6.413 

Ti 

23 

Cd 

7.64 

F« 

40* 

W 

Ti 

...» 

NI 

7.64 

Fe 

7* 

Sb 

6J1 

He 

6* 

Pr*** 

7.64 

Fe 

12* 

Tl 

6J1 

Hf 

2« 

Tl 

7.64 

Fe 

370* 

Sn 

6.27 

73 

La 

7.634 

Cu 
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Pb**4 
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Gd 

Mo 
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Cu 

11 
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5.6 

Ni 

. ..i 
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Tl 

5.99 

He 

5« 

Pb“ 

7.283 

Fa 

4100 

Pb*» 

3.9 

Sr 

...b 

Cl 

7.283 
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Ce 

3.646 
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17 
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7.183 
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80 
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7.16 
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Pb*» 
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70 
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7.13 

Mt 

30 

Hg 

3.44 

Hg 

75* 

BP" 

7.149 

Tl 

2000 

Hg 

4.903 

Co 

383 

* High-energy  component  at  t complex  ipectnin. 

•A  breed  ecattered  spectrum  with  no  observable  peek  itructure. 

• There  ere  actually  two  linea  at  energies  7.647  and  7.633  MeV  having 
equal  intensities  le  the  Iren  capture  gamma  apectram.  The  croaa  aectton 

been  corrected,  although  there  la  no  posaibOity  at  present  at 
deciding  which  line  la  responaibia  (or  each  resonance. 

* IL.P!??*b4r  “ Independent  lerd^ln  the  complex  apectram  of  Nl  T 
nyi  on  1 1. 

• Rough  estimate. 

> May  be  Inelastic  component  from  7J28  level  in  Te. 
a The  relative  Una  intensities  la  this  cam  an 

cn -workers. 

► No  line  Is  known  for  tbs  mures  nt  this  energy. 
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Fig.  3.  The  yields  of  fast  photoneutrons  from  various  elements  as  measured  in  the  picsent 
work  and  by  Baker.  The  present  results  have  been  normalized  to  B .~er’s  i.  •asurements  for 
lead. 
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Fig.  2.  The  anisotropy  coefficients  in  the  formula  W(9)  - o«(l  + a,P,  + a.p.) 
obtained  in  the  present  work,  and  those  obtained  by  other  workers  in  the  same  Dart  of  the 
Periodic  Table. 


TABLE  I 


Element 

a* 

Nickel 

77(1.0±0.05) 

0.14±0.04 

-0.34  ±0.06 

Zinc 

236  (1 .0±0.04) 

0.06±0.03 

— 0.30±0.04 

Selenium 

525  (1 .0±0.05) 

0. 10±0.04 

— 0.25±0.05 

Zirconium 

380(1. 0±0. 05) 

0.03±0.04 

-0.27  ±0.05 

Niobium 

392(l.O±0.03) 

0.04±0.02 

— 0.30±0.03 

Molybdenum 

410(1. U±0. 03) 

0.05±0.03 

— 0.4l±0.04 

Cadmium 

755  (1 ,0±0.02) 

o.o5±o.oi 

-«.28±0.02 

Tin 

D35(1.0±0.02) 

0.08±0.02 

— 0.30±0.02 

-Lead 

2274  (1.0±0.02) 

0.06±0.02 

— 0.48±0.02 

•For  comparison  purposes  the  experimental  value  of  os  for  Pb  has  been  normalised  to  coincide  with 
that  obtained  by  Balcer  and  McNeill  (1901)  and  is  the  yield  per  mole  per  100  roentgen.  All  other 
values  of  u*  have  also  been  quoted  with  the  same  normalization. 
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Target  element 

Z 

Energy 

«•* 

Vanadium 

23 

32 

640  ±50 

0.11+0.10 

Chromium 

24 

22 

365  ±39 

0.02±0.08 

Manganese 

25 

22 

450±33 

0.07±0.05 
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35 

27 

874  ±54- 
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Lanthanum 

57 

27 

1940±70 
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Praseodymium 

59 
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0. 17±0.02 

Lead 
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2274 ±59 

0.08  ±0.08 
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The  constant  fission  cross  sections  above  the  threshold 


Element 

<t,  (cm*) 

Element 

<rt  (cm*) 

Pb 

(5.0  ±0.2)  x 10-*’ 

La 

(l.l±0.1)xl0-*» 

An 

(1.7±0.l)x  10“*’ 

Sn 

(4.3±l.l)xl0-»* 

Ta 

(3.3  ±0.2)  x 10-'* 
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(8.4  ±2.0)  x 10-** 
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ection)  versus  atomic  number  A.  The  continuous  curve  is  a least-squares  lit  to  the  data  of  a 
theoretical  calculation  from  Newton  15>. 
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Fig.  13.  Ratio  a^fa,  versus  atomic  number  A.  Here  aM  is  the  level  density  parameter  taken  from 
the  neutron  resonance  work  of  refs.  *• 2),  and  a,  is  the  level  density  parameter  derived  from  the 
present  (y , n)  work.  Filled  circles  represent  points  where  nuclei  in  the  neutron  resonance  and  in  the 
(y,  a)  experiment  were  the  same.  Open  circles  represent  points  where  the  respective  nuclei  were 
approximately  matched.  Triangles  represent  points  which  are  based  on  measurement  of  neutron 
mean  energies  at  two  bremsstrahlung  energies  only. 
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photons  with  energy  130-300  MeV  by  noclei  of  C,  Al,  Ni,  Mo,  and  W.  The  results  obtained  are  compared 
with  calculations  carried  oat  in  the  impulse  approximating. 


FIG.  5.  Total  hadronic  cross  sections  for  absorption  of  pho- 
tons by  nuclei. 


FIG.  6.  The  ratio  <r rA/A<rrp  as  a 
function  of  A for  fc  = 0.32  GsV . 
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Elastic  scattering  by  nuclei  in  the  range  of  mass  numbers  between  64  and  238  has  been  6.759,7 .168  MEV 

studied  with  monochromatic  photons  in  the  energy  range  between  2 and  8 MeV.  These 
photons  were  provided  either  by  a Ti(n,y)  source  installed  in  the  tangential  through 
channel  of  the  Grenoble  high  flux  reactor,  or  by  24Na  and  36Co  sources  produced  by 
deuteron  bombardment  of  A1  or  Fe  at  the  Gottingen  cyclotron.  The  photoexcitation  of 
23  nuclear  levels  has  been  observed  and  the  decay  properties  and  groundstate  widths  of 
the  majority  of  these  levels  have  been  determined.  For  the  lead  scattering  target  the  co- 
herent elastic  differential  cross  section  has  been  studied  in  detail.  There  is  evidence  that 
below  the  photo-neutron  threshold  the  elastic  scattering  via  virtual  photoexcitation  of 
the  nucleus  can  be  approximated  by  extrapolating  the  real  part  of  the  Giant  Dipole 
Resonance  amplitude  along  a Lorentzian  curve.  Coulomb  corrections  to  Delbriick  scat- 
tering seem  to  play  a small  role  at  6.5  MeV. 


Table  4.  Properties  of  levels  observed  by  photoexcitation.  (doid(2)**r:  experimental  differential  cross  section  per  iden- 
tified isotope  or  element  for  resonance  scattering  through  0 = 90°.  /*:  spin-parity  of  excited  level;  W(&):  angular  cor- 
relation function;  g=(2/„  + l)/(2/,+  1);  ro:  radiative  groundstate  transition  width,  f:  total  level  width.  Errors  in  the 
last  digits  are  given  in  parentheses 
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0.77 

0.145 
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- 

2J«u 
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1- 

0.24 

0.83 
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0.52(15)“ 

2°»Bi 
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9/2** 
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0.28 

30 
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T1 

6.759 
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- 

- 

- 
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Hg 
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- 

- 

- 

- 

- 
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2.4 

- 
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0.58 
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0.59 
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- 
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- 
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10.3  (30) 

- 

- 
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0.03  5 6 
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- 
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- 

- 

- 

- 
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- 

- 

- 

- 
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- 

- 

- 

- 

- 
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0.88 

52 
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15 

21 

- 
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- 
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- 

- 

- 

- 
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* [II]  6 W{Q)grjr=  l assumed  * IV'(0)g=l  assumed 
“ [28]  (a  small  correction  has  been  applied  to  the  data  of  [28]) 

* Upper  limits  in  case  not  all  the  transitions  to  lower  levels  were  observed 

' Present  work  * Previous  work 
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Tabic  2.  Elastic  differential  cross  sections  dad  O ( 0 = 90°)  in  |ib  sr  measured  with  the  TUn.y)  source  and  compared  with  theoretical  pre- 
dictions. n:  predicted  number  of  levels  in  a J£  = 25  eV  interval  at  6.5  MeV.  Errors  in  the  last  digits  are  given  in  parentheses 
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6.759  MeV 

7.168  MeV 

n 
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th. 
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th. 

exp. 

th. 
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23  (12) 
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_ 

_ 

_ 

_ 

_ 

45 
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' - 

- 

219(39)bc 

8.0 

12  (4) 

7.4 
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0.1 
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- 

- 
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7.4 
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0.05 

“Tl 
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7.5 

- 
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6.0 

- 

- 
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12  (3) 
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74(17)*' 

6.5 
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- 

- 

3.4 
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6.6 

306(33)*-' 

6.3 

20  (2)‘-c 

5.6 

- 

- 

13 
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68  (4)*-c 

6.3 

- 

- 

10.1(12)bc 
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- 

- 
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- 
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3.9 
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- 

- 
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3.0 

- 

- 
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- 

- 
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15 

407(39)*-' 

15 

8.5(15)bc 

2.3 

817(258)bc 

2.0 

0.5 

“'Zn 

14  (8) 

1.6 

- 

* 

1.8  (5) 

1.5 

- 

- 

0.3 

* Transitions  to  excited  states  observed  11  Photoexcitation  identified  from  size  of  differential  cross  section 
‘ Photoexcitation  reported  in  [11] 
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Fig.  1. — Cross  Motions  for 
(o)  **Mo  (y,  n)  reaction, 

(6)  i°«Mo  (y,n)  and  (y,n)+(y,p) 
reactions,  and 

(c)  (y.p)  reactions  for  ,7Mo,  "Mo, 
and  100Mo. 

In  (c)  the  cross  section  for  the 
l00Mo  (y.p)  reaction  has  been 
adjusted  in  energy.  See  text  for 
further  explanation  of  curves. 
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Table  1.  The  particular!  op  the  (y.n)  reaction  products  and  the  data  obtained 
WITH  20  MeV  BREM3STRAHLUNO 


Nuclide 

Half-life 

of 
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(sec) 

Gamma-ray  determined 
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detection 
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Yield 

(mol"'-R_l) 
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Fig.  1.  Energy  distributions  of  photoprotons. 

Vertical  broken  Lines  and  solid  lines 
indicate  the  position  of  pQ  corres- 
ponding to  the  ground  IAS  and  electric 
dipole  IAS  ( 2 - 4 ) respectively. 
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We  used  the  35-MeV  betatron  of  our  institute  to  in- 
vestigate photoneutron  reactions  on  the  isotopes  Mo9* 
and  Mo9'.  The  yield  curves  of  the  reactions  (y,  Tn) 
were  measured  in  the  energy  range  from  7 to  30  MeV 
in  steps  of  100  keV.  The  targets  were  prepared  from 
metallic  Mo.  The  content  of  the  investigated  isotopes 
was  not  less  than  97%.  The  use  of  a highly  efficient 
neutron  detector  (e  » 45%)  and  of  a multichannel 
method  of  measurements  has  made  it  possible  to  obtain 
the  yield  curves  with  high  accuracy  (0.1%  in  the  region 
25-30  MeV)  and  to  observe,  for  the  first  time,  the  in- 
termediate structure  of  the  giant  resonance  on  the  iso- 
topes of  Mo.  The  statistical  reduction  of  the  experi- 
mental information  and  the  determination  of  the  cross 
sections  of  the  photoneutron  reactions  was  carried  out 
in  accordance  with  a program  prepared  by  the  Compu- 
tational Center  of  the  Moscow  State  University111. 

The  obtained  cross  section  of  the  reactions  <7(y,  Tn) 
= ff(y,  n)  + 2 ff(y,  2n)  + o(y,  np)  are  shown  in  the  figure, 
from  which  it  is  seen  that  approximately  15  resonances 
are  observed  in  each  cross  section. 

The  widths  of  the  giant  resonances  in  the  reaction 
(y,  Tn)  on  Mo9*  and  Mo9*  are  5 and  7 MeV  respec- 
tively (curves  a in  the  figure).  After  taking  into  ac- 
count the  multiplicity  in  accordance  with  the  data  ofc** 
for  this  region  of  nuclei,  the  cross  sections  obtained 
were  <rn  = &(y,  n)  ♦ o(y,  2n)  + cr(y,  np)  (curves  b).  The 
widths  of  these  cross  sections  for  Mo9*  and  Mo9*  are 
the  same  and  equal  5 MeV.  The  curves  c correspond 
to  the  cross  sections  a(y,  n)  + <r(y,  np).  The  widths 
for  them  are  5 and  3.5  MeV  respectively  for  Mo9*  and 
Mo9*. 

The  widths  on  of  the  integral  cross  sections  of  the 
reactions  for  Mo9*  and  Mo9*  are  1.29  ± 0.13  and  2.0 
± 0.2  MeV-b.  The  integral  cross  section  increases 
with  increasing  N - Z for  isotopes  of  a given  element. 

It  is  interesting  to  note,  however,  that  in  the  case  of 
Mo  the  increase  of  on  and  of  the  width  of  the  giant 
resonance  is  due  to  the  cross  section  of  the  reaction 
(y,  2n).  Thus,  for  Mo9*  we  have  a(y,  2n)  = 0.17 
± 0.02  MeV-b,  whereas  for  Mo'"1  we  have  o(y’  2n) 

= 0.83  ± 0.08  MeV-b,  i.e.,  the  cross  section  of  the  re- 
action (y,  2n)  increases  by  almost  five  times.  Such  a 
sharp  increase  of  the  cross  section  of  the  reaction 
Mo98(y,  2n)  is  connected  with  the  low  threshold  of  the 
(y,  2n)  reaction,  namely  E^£oa(y,  2n)  = 15.5  MeV. 

For  comparison,  we  point  out  that  E^jo^y,  2n) 

= 22.3  MeV. 

For  the  reaction  (y,  n)  +(y,  np),  the  integral  cross 
sections  for  Mo9*  and  Mo9*  are  respectively  1.12 
± 0.11  and  1.10  ± 0.11  MeV-b. 


Effective  cross  sections  for  Mo”  and  Mo”:  a — o(y.  Tn):  b - a(j, 
n)  + o(7,  2n)  + aiy,  np);  c - 0(7.  n)  + 0(7,  np);  d - total-absorption 
cross  section  Oy,  obtained  in  [“  1 for  Mo’4  (right-hand  scale*. 


There  are  at  present  no  published  data  on  the  struc- 
ture of  the  photoneutron  cross  sections  on  the  Mo  iso- 
topes. Such  general  characteristics  of  the  giant  reso- 
nance as  the  position  and  magnitude  of  the  integral 
cross  section  are  known  only  for  the  reaction 
Mo9:(y . n)f 3_sl.  Even  these  results,  however,  are  highly 
contradictory.  Thus,  data  on  the  width  of  the  giant 
resonance,  obtained  inf31.  exceed  the  data  ol  *'  by  a 
factor  of  2. 

In  conclusion,  let  us  compare  the  experimental  re- 
sults obtained  by  us  with  the  calculations  performed  on 
the  basis  of  the  collective  dynamic  theory'4’.  The 
photodisintegration  of  the  Mo94  was  calculated  within 
the  framework  of  this  theory,  and  the  result  is  shown 
in  the  figure  (curve  d).  We  see  that  the  theoretical  501 

calculation  agrees  only  roughly  with  the  experimental  - 0F  commerce 
data.  The  experimentally  measured  cross  sections  re-  OF  ST‘ND*Rnf 
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Tabu  1 


Summary  of  measured  yield  ratios 


Target 

Bremsstrahlung  energy 
(MeV) 

Measured  yield  ratio 

natural  Cx 

ISO 

4,Cr/4,V  =-  0.043  ±0.002 

250 

0.047  ±0.009 

30} 

0.042  ±0.002 

enriched  **Cr 

2S0 

0.025  ±0.009 

natural  Ft 

250 

5,Fe/s,Mn  - 0.037±0.003 

enriched  5*Fe 

250 

0.024  ±0.005 

,J'Mn/(5,‘Mnr21,Mn)  - 0.47  ±0.02 

natural  Y 

150 

,TY/,7“Sr  - 12.9  ±1.6 

natural  Mo 

ISO 

*°Mo/»°Nb  - 0.41  ±0.05 

280 

0.49  ±0.05 

Tabu  2 


Summary  of  experimental  and  theoretical  ratios  of  (y,  2n)  to  (y,  pn)  yields 


Target 

isotope 

Bremsstrahlung 

energy 

(MeV) 

Experimental 
(y.  2n)/(y,  pn) 
yield  ratio 

Calculated 
(y,  2n)/(y,  pn) 
yield  ratio 

50Cr 

250 

0.095  ±0.025 

0.14 

S4Fe 

250 

0.10  ±0.03 

0.07 

•»Y 

150 

7.4  ±1.0 

6.7 

**Mo 
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0.41  ±0.05 

0.15 
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0.49  ±0.05 
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Table  2.  Isomer  ratio  measurements  for  "Mo.  '”Ce.  and 1,1  Nd 
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Threshold 

4 M-»» 

ratio  ■ 

Target 
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Isomer 

(MeV) 

(MeV) 

state 

"Mo<r.*>"Mo 
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Table  6 

Inelastic  cross  sections  for  E,  = 209  MeV  on  ‘“Mo 


(3“)  3.57- 

(2+)  3.09 

(3“)  2-85- 

(6+)  2.61- 
(5-)  2.52- 

(4+)  2.28- 


(2*)  1.51 


0 

(deg.) 

(2+)«  = 1.51  MeV 
dcr/df2(mb/sr) 

(3-)e  = 2.85  MeV 
do/dflfmb/sr) 

(4  + )e  = 2.28  MeV 
dCT,/df3(mb/sr) 

35 

0.209  E-l  ±0.220  E- 2 

0.197  E-l  ±0.220  E -2 

40 

0.916  E— 2 ±0.630  E-3 

0.114  E—  1 ±0.700  E-3 

0.161  E-2±0.300  E-3 

45 

0.363  E -2 ±0.200  E-3 

0.708  E -2 ±0.440  E-3 
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50 
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65 

0.996  E — 4±0.153  E-4 

0.330  E — 3 ±0.220  E-4 

0.215  E-3-0.1S0  E-4 

70 

0.697  E— 4±0.880  E-5 

0.100  E — 3 ±0.1 20  E-4 

0.124  E — 3-r 0. 1 10  E-4 

75 

0.549  E— 4±0.560  E-5 

0.223  E-4-0.7I0  E-5 

0.469  E -4-0.600  E-5 

80 

0.362  E — 4±0.280  E-5 

0.232  E — 4±0.400  E-5 

0.193  E —4  — 0.250  E-5 

85 

0.214  E— 4±0.170  E-5 

0.260  E — 4±0.330  E-5 

0.509  E — 5^-0.169  E-5 

90 

0.122  E — 4±0.1 30  E-5 

0.270  E-4 -0.250  E-5 

0.137  E — 5 ±0.940  E-6 

95 

0.501  E — 5±0.900  E — 6 

0.215  E — 4±0.220  E-5 

0.877  E — 6±0.6S7  E-6 

1 10 

0.546  E-7±0.325  E-7 

0.536  E — 5 ±0.440  E-6 

0.422  E —6 ±0.2 10  E-6 

Energy  level  diagram  given  by  ref.  --1).  Levels  excited  in  our  experiment  arc  shown  with  solid  lines,  dashed  lines  correspond  to  other  levels.  The 
experimental  values  arc  normalized  with  the  elastic  cross  sections  calculated  by  a phase  shift  program  using  a 3-parameter  Gaussian  model.  The 
parameters  (c  = 4.610,  z - 2.520,  h>  = 0.190)  arc  obtained  from  ref.  *“). 
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Fig.  I.  Partial  photoneutron  cross  sections  <r (y,  n)-i-o(y,  pn)  and  a(y,  2n)  of  ,2Mo.  Arrows  Bn  and 
Bi,  indicate  theoretical  threshold  values  for  ( y , n)  and  (y,  2n)  reactions  respectively. 
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Fig.  7.  Total  photoncutron  cross  section  (Tt.hIO  of  Titc  solid  line  is  merely  to  guide  the  ey„  (over) 
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Lorentz  line  parameters  Eit  at  and  A corresponding  to  the  best  single  Lorentz  line  (its  to  th<- 
experimental  <rT.,(£)  curves  shown  in  fig.  12 


Et  (McV) 

<rt  (mb) 

A (MeV) 

•*Mo 

16.9  ±0.1 

1 54±  10 

5.4  ±0.2 

•4Mo 

16.4±0.1 

184±10 

5. 7±0.2 

•‘Mo 

16.2±0.1 

1 34  ±10 

6.3  ±0.2 

••Mo 

15.8  ±0.1 

I89±  13 

6.0  ±0.2 

,,0Mo 

15.7  ±0.1 

170±  10 

7.9  ±0.2 

Table  4 

Integrated  photoneutron  cross  sections  and  sum  rules  of  the  Mo  isotopes 


Nucleus 

9IMo 

94Mo 

96Mo 

9»Mo 

100Mo 

£m  (MeV) 

29 

29 

29.5 

29 

28.5 

<T0«  (MeV  • b) 

1.10 

1.37 

1.53 

1.60 

1.58 

^Oa 

0.804 

0.98 

1.08 

1.11 

1.08 

0.06  NZA  “ 1 

ff-i«  (mb) 

60 

79.3 

89.2 

95.4 

95.4 

<r_,.  A~  1 (mb) 

0.145 

0.186 

0.203 

0.211 

0.206 

<t_j.  (mb  • MeV'1) 

3.3 

4.8 

5.1 

6.0 

6.1 

<t_2d  A-l  0‘b  • MeV'1) 

1.77 

2.48 

2.55 

2.91 

2.S6 
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structure  method. 


Fig.  4.  Angular  distributions  of  protons  from  the  (e.e'p)  reaction.  The  bombarding  energies  are 
21.5, 22  and  20  MeV  for  s,Sr,  00Zr  and  ,:Mo  respectively.  The  best  fit  curves  obtained  with  eq.  (7) 

arc  also  shown. 
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Fig.  8.  The  caption  is  the  same  as  in  fig.  5,  but  <r(y,  p0)  is  the  present  result  while  the  plots  and 
Lorentz  line  for  the  (y,  n)  reaction  are  from  ref. 21). 


Fig.  5.  Upper  figure:  open  circles,  a(y,  p);  closed  circles,  a(y,  n)  [ref.  *•)];  closed  points,  a(y,  p0) 
[ref. 1J)];  solid  line,  Lorentz  line  fit  to  the  T<  region  of  a(y,  n)  [ref.  *•)];  dotted  line,  Lorentz  line 
fit  to  the  T<  region  of  a(y.  p)  with  V,  and  £,  equal  to  those  of  a(y,  n).  Lower  figure:  ratio  between 
cross  sections.  Dotted  line:  constant  for  o(y,  p)/o(y,  n)  determined  around  T<  GDR. 
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Experimental  and  theoretical  results 
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Levels  in  ”Mo  at  1.509  (2*),  3.091  (2+).  3.925  (2+),  3.942,  and  4.634  MeV  have  been  excited  by 
bremsstrahlung.  Based  on  the  angular  distributions  of  the  resonantly  scattered  y lines,  spin  one  can  be 
unambiguously  assigned  to  the  3.942*  and  4.634*MeV  levels.  The  lifetimes  deduced  from  the  scattering  yields 
are  compared  with  the  results  of  two  sets  of  Doppler  shift  attenuation  experiments  which  had  been  analyzed 
using  different  theories  for  the  attenuation  factor  F(t). 


5 STATES  1.509-4.634 


TABLE  n.  Comparison  of  the  lifetimes  derived  for 
the  KMo  states  from  the  resonance  fluorescence  experi- 
ments with  DSAM  results. 


Mean  lifetimes  (fs) 

Doppler  shift  attenuation 


(MeV) 

Resonance 

fluorescence 

Winterbon 

■F(t) 

Blaugrund 

F(t) 

1.509 

582  ± 37 

52  or  ** 

420^5 b 

3.091 

46.3  ±4.0 

50^  b 

31^' 

3.925 

15.3  ± 3.6 

2^1* 

29i?r 

3.942 

16.5  ±2.5 

14!“" 

3o:|fe 

* Energies  according  to  Ref. 

3 (rounded  off). 

"Ref.  1. 
eRef.  3. 


TABLE  1.  Properties  of  the  ,:Mo  levels  excited  with  bremsstrahlung  of  energy  £5.1  MeV. 


r„Vr  (meV) 

T (meV) 

(MeV) 

J ' 

iyr 

r0  (meV) 

1.509(1) 

2* 

i 

1.13  ± 0.07 

1.13  ± 0.07 

1.13  ± 0.07 

3.092(2) 

2’ 

0.82(2)" 

9.3  ± 0.6 

11.3  ± 0.8 

13.8  ± 1.2 

3.925(2) 

2* 

0.65(5)" 

18  ±3 

28  ± 5 

43  ± 10 

3.944(2) 

1* 

1" 

40  ± 6 

(40  ± 6 
160±  20° 

40  ± 6 

4.634(2) 

1* 

0.59 ± 0.19“ 

86  ± 13 

145  ± 40  e 

250  ± 110 

‘Energies  deduced  from  the  resonance  fluorescence  data. 
b Combining  the  results  of  Refs.  3 and  10. 
c From  a self-absorption  experiment. 

*From  a comparison  of  columns  4 and  5. 


R.  Doerr,  F.  Rauch,  et  al.,  Proc.  Int.  Conf.  on  Nucl.  Struc. 
and  Spectroscopy,  Amsterdam,  1974,  ed.  by  H.P.  Blok  and  A.E.L. 
Dieperink  (Scholar's  Press,  Amsterdam,  1974),  Vol.l,  p.130. 

3 

C.T.  Papadopoulos  et  al.,  Nucl.  Phys.  A254 , 93  (1975). 

Jia  ^°R.  Doerr  et  al.,  Jahresbericht  1973  (IKF-32) , Inst,  fur  Kern- 

hrev.  7.14.84)  SU  physik,  Frankfurt/Main  (unpublished)  p.22. 
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Short-lived  isomers  in  the  nuclei  90,92Nb,  99Mo,  "•  100-  101Tc  and  l0,Ru  populated  in 
photonuclear  reactions  were  studied  by  pulsed  beam  techniques.  Energy  and  half-life  of 
the  y-rays  deexciting  the  isomeric  levels  were  measured  by  recording  energy-time  spectra. 
The  delayed  y-rays  and  K X-rays  were  detected  by  means  of  an  intrinsic  Ge-detector  of 
high  resolution.  From  the  measured  intensity  ratios  internal  conversion  coefficients  were 
determined.  The  multipolarities  of  the  isomeric  transitions  could  be  deduced  in  most  cases. 
A classification  of  the  observed  isomers  has  been  tried  on  the  basis  of  the  obtained  experi- 
mental results  and  most  recent  literature  data. 


*KeV.  Isomer  LFT 


TabU  t.  Experimental  results.  £:  energy.  Tv»:  halflife,  relative  intensity,  L:  multipolarity,  H:  hindrance  factor 


Line 

£ [keV] 

T,„  Os] 

T i/i  O*] 
(weighted 
average) 

«c 

Intensity 

ratios 

L 

a 

**Nb 

iC  X-rav»  - 

l 

M 

123 

122.6  ±0.2 

63  ±2 

13 

0.56  ±0.22 

£2 

120 

*:Nb 

K X-rays  - 

— 

t 

— 

— 

90 

90.4  ±0.2 

5.9  ±02 

10J 

0.14  ±0.01 

£1 

1 J • 10? 

**Mo 

K X-rays  - 

15 2 ±0.4 

15.5  ±02 

1 

- 

— 

— 

98 

97.8  ±0.1 

15.6  ±0.2 

0.95 

1.45  ±0.27 

£2 

20 

138 

137.7  ±0.2  - 

0.79  ±0.09 

0.76  ±0.06 

1 

f*jo/f Ilf  ” 

Ml 

449 

449.2  ±0  2 

0.74  ±0.08 

0.97 

0.97  ±0.08 

(M2) 

(37) 

**Tc 

K X-rays  — 

14.8  ±0.3 

14.6  ±0.4 

l 

— 

— 

22 

21.8  ±0.2 

16.4  ±17 

from 

0.036 

£1  + 1%. M2  10’ 

26 

- 

- 

X,  43 

- 

5.1  ±0.5 

(£2) 

- 

43 

43.3  ±0.2 

14.4  ±0.5 

0.18 

Ml 

- 

:"Tc 

K X-rays  — 

8.2  ±0.7 

8.2  ±0.3 

1 

— 

— 

29 

28.7  ±0.3 

- 

from 

0.027 

£2 

1 

172 

172J  ±0.3 

8.2  ±0J 

X,  172 

12 

82  ±40 

(Ml,  £2) 

- 

1,!Tc 

K X-rays  - 

— 

l 

— 

— 

— 

192 

192.0  ±0.3 

636  ±8 

5.0 

0.26  ±0.06 

M2 

560 

‘•'Au 

K X-rays  - 

16.1  ±3.9 

17.5  ±0.4 

l 

— 

220 

220.7  ±0.2 

17.4  ±0.5 

from 

7.5 

f io*JI 110  * 

M2 

28 

306 

306.6  ±0.3 

17.7  ±0.6 

220,306 

9.1 

1.2  ±0.1 

- 

- 
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Analysis  is  made  of  reactions  interfering  with 
photon  activation  analysis  procedures. 


The  activation  yield  curves  have  been  presented  for  a number  of  photonudear  reactions  in  the  epergy  range  from  30  to 
68  MeV,  in  order  to  evaluate  quantitatively  the  interferences  due  to  competing  reactions  in  multielement  photon  activation 
analysis.  The  general  features  of  the  yields  as  functions  of  both  target  mass  number  and  excitation  energy  were  elucidated 
from  the  data  obtained,  discussion  being  given  on  the  results  in  terms  of  the  reaction  mechanism. 

Simultaneous  neutron  activation  due  to  appreciable  neutron  production  from  the  convener  and  surrounding  materials 
has  also  been  studied,  and,  finally,  the  magnitudes  of  interferences  in  real  multielement  analysis  were  given  in  the  form 
of  their  energy  dependences. 


Nr 

Fig.  2.  Yield  per  equivalent  quanta  versus  target  neutron  num- 
ber. 


Fig.  7.  Activation  yield  curves  for  the  reactions  on  Y.  Zr,  Nb 
and  Mo. 


♦ 89Y(/,n)88Y,  O 
A 93  Nb(>\  n>92mNb.  A 
<*  97  Mot  y,  p)96Nb,  2 
□ 92 Moty,  2n)90Mo,7 


90Zr(y,  n)8,Zr.  O 90Zr(y.pn)S9Y. 
93Nb(y,  am)88  Y.  D 100 Mot  y.  n)" Mo. 
9AMo(y,  p)95mNb.O  94 Moty,  pn)9:mNb. 
94 Mot/,  sm)89Zr. 


J.S.  CEP4RTMENTOP  COMMERCE 


■OflM  N3S-418 

REv.  *».  I a-  4* 


515 


ref.  j.j.  Murphy, 

Phys.  Rev.  C 

II,  D.M.  Skopik,  J.  Asai,  and  J.  Uegakl 
1_8,  736  (1978) 

ELEM.  SYM. 

A 

Z 

Mo 

92 

42 

METHOD 

REF.  NO. 

REACTION 


E,A 


RESULT 


ABX 


EXCITATION 

ENERGY 

5-100 


SOURCE 


100 


MAG-D 


a particles  from  the  electroduintejntion  of  seven  nuclei  with  Z between  29  and  79  have  been  observed. 
Energy  spectra  at  XT  in  the  laboratory  for  six  nuclei  and  angular  distribtions  for  five  nuclei  are  reported. 
The  cross  sections  exhibit  a broad  peak  whose  magnitude  decreases  with  increasing  Z;  the  energy  of  the 
peak  increases  as  Z increases.  Angular  distributions  at  the  highest  energies  measured  become  increasingly 
forward  peaked  suggesting  a direct-reaction  process. 


78  Mu  9 


hg 


OETECTOR 


ANGLE 


DST 


FIG.  2.  The  a -particle  energy  spectra  at  50*  In  the 
laboratory  for  the  four  new  nuclei  studied  as  well  as  for 
two  nuclei  In  which  additional  data  have  been  obtained. 
The  solid  curves  are  the  evaporation  model  fits  de- 
scribed In  text. 


z 


FIG.  3.  Energy  of  the  cross  section  peak  as  a function 
of  Z.  The  solid  line  Is  the  energy  of  the  classical 
Coulomb  barrier.  The  closed  circles  are  the  current 
work;  the  open  circles  are  from  Ref.  1. 
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FIG.  4.  Magnitude  of  cross  section  peak  as  a function 
of  Z.  The  closed  circles  are  the  current  work;  the 
open  circles  are  from  Ref.  1. 
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FIG.  S.  Angular  distributions  for  molybdenum.  Errors 
are  statistical;  curves  are  to  guide  the  eye.  Increased 
forward  peaking  with  Increasing  energy  Is  taken  as  evi-  ■ 
dence  for  the  Importance  of  foe  direct  process  at  higher 
energies. 
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This  paper  presents  energy  spectra  of  a particles  emitted  following  the  bombardment  PREEQU IL  IB  A EMISS 
of  Al,  n «Ni,  52Mo,  34Mo,  and  131 A a with  120-MeV  electrons,  together  with  a-partlcle 
angular  distributions  from  lsTAu  and  n,tNl  for  Ea  - 30  and  50  MeV.  The  data  are  com- 
pared with  preequilibrium  exciton-model  and  statistical-model  calculations.  It  is  con- 
cluded that  few-step  processes  are  dominant  In  the  production  of  a particles  with  ener- 
gies above  20  MeV. 


FIG.  1.  a-partlcle  energy  spectra  at  9a  =30%  for  Et 
= 120  MeV.  Errors  shown  are  the  sum  of  statistical 
and  systematic  contributions.  The  solid  lines  are  a 
guide  to  the  eye. 


TABLE  I.  Temperatures  corresponding  to  the  pre- 
equilibrium  component  of  the  ( e,a ) reaction,  derived 
from  energy  spectra  at  9a  = 30*  for  E,~  120  MeV. 


Target 

Temperature*  (MeV) 

”A1 

5.3 

o.cm 

5.5 

MZn 

5.4 

,JMo 

5.6 

*4Mo 

5.4 

JStAu 

6.1 

■Error  is  ±0.2  MeV. 
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Quasimonochromatic  photons  have  been  used  to  measure  elastic  and  inelastic  photon 
scattering  cross  sections  in  the  giant  dipole  resonance  region  of  5:Cr,  Fe,  °°Ni,  ,:Mo,  and 
’’‘Mo  in  an  experiment  in  which  the  elastic  and  inelastic  scattering  are  resolved.  The  elas- 
tic scattering  cross  sections  show  clear  evidence  for  isospin  splitting  of  the  giant  dipole 
resonance.  The  inelastic  scattering  to  low-lying  vibrational  levels,  which  is  a measure  of 
the  coupling  between  the  giant  dipole  resonance  and  collective  surface  vibrations,  is  in 
qualitative  agreement  with  the  predictions  of  the  dynamic  collective  model.  However, 
when  examined  in  detail,  this  model  does  not  provide  an  adequate  description  of  the 
scattering  data. 


NUCLEAR  REACTIONS  52Cr,  Fe,  "Ni,  ,2-%Mo  (y,/),  14<£r^  22 
MeV;  measured  £r,  £/ , da/dfl  for  Ya.Yi-  Compared  to  DCM  predic- 
tions. Tagged  photons. 


FIG.  5.  Elastic  (closed  circles)  and  inelastic  (open  cir- 
cles) scattering  cross  sections  at  t)  = 90*  on  "’Mo.  The 
error  bars  represent  statistical  uncertainties  only.  The 
solid  (dashedi  lines  are  DCM  calculations  for  the  elastic 
and  inelastic  cross  sections  including  (not  including)  the 
effect  of  isospin  splitting. 
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ISOMERIC  RATIO 

The  method  is  developed  for  calculation  of  the  isomeric  ratio  for  the  case  of  low  excitation  energy  of  the 
residual  nucleus,  and  the  isomeric  ratio  is  measured  in  the  (n,  2/i|  and  f y,  n)  reactions  in  the  neutron-deficient 
nuclei  Mo,  ^Zr,  *Sr,  and  *Se.  The  good  agreement  between  the  experimental  and  theoretical  results  on  the 
iy,  it)  reaction  has  confirmed  the  reliability  of  the  characteristics  of  the  residual  nuclei,  the  transmission 
coefficients  of  the  emitted  neutrons,  etc.,  used  in  the  calculations.  From  study  of  the  in,  2it)  reaction  we  have 
obtained  values  of  the  parameters  of  the  spin  dependence  of  the  level  density  of  the  nucleus  in  the  excitation- 
energy  region  — 14  MeV. 


PACS  numbers;  22  JO.  + y,  23.40.Gr,  27.30.  + e.  27.60.  + j 


TABLE  III.  Isomeric  ratio  In  the  (y,n)  reaction. 


Target  nucleus 

■*•*» 

Published  data** 

•*Mo 

1.54*0.13 

1.36 

1.82*0.15  17ni  p| 
l.<*3— *>'— 1 (l"| 
081*0.117  1301  ( 111 

"7r 

1.12*0.04 

1.49 

0.50*0.15  (3u)  ( 13 1 

••Sr 

0.70*0.07 

0.86 

0 6S*U.14  130)  [ll| 

T‘S» 

7 3*  1.0 

10.3  *» 

aa1* 

’’in  parentheses  we  have  given  the  values  of  the  bremsstrah- 
lung  maximum  energy. 

2 *10  the  calculations ~we  used  the  '’Se  level  scheme  of  Ref.  2, 

/ =7/2*  and  lm  = \/T. 

}'ln  the  calculations  we  used  the  level  scheme  of  nSe  In  Ref.  3, 
/,  = 9/2*  and  Im  = 3/T. 
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Isomer  ratio  = (yield  to  low  spin  state)/(yield  to  high  spin  state) 


ISOMER  RATIO 


Tabic  2.  Isomer  ratio  measurements  for  •'Mo,  ,aTCe.  and  l41Nd 


Reaction 

Isomer 

r 

/• 

r 

Threshold 

4M-*'» 

ratio 

Target 

Ground 

Isomer 

(McV) 

(MeV) 

state 

"Mo<y,  m,lMo 

1-92*0-13 

0* 

9/2* 

1/2- 

1313 

16-60 

1-39*0-16 

0* 

30-72 

16-32 

'•Crty.ni'^Ce 

3-1 

0* 

3/2* 

11/2* 

10-31 

13-30 

Ce(y,  in),x,Cc 

1-10x0-12 

0* 

26-34 

15-26 

'•Nd/y.nr'Nd 

3-2  X 0-3 

o* 

3/2* 

11/2* 

9-79 

15-22 

,4*Nd/y.  3«),4,Nd 

1-80x0-23 

O’ 

23-67 

15-17 
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Fig.  15  Comparison  of  Che  tocal  photoneu- 
tron  cross  sections'  of  92Mo  94Mo 
96Mo  98Mo  and  100Mo 


Table  I 


Iso  copes 

9 2 Mo 

94Mo 

96Mo 

98Mo 

10°Mo 

°on 

0.83 

0.98 

I .08 

I .1  1 

1 .08 
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Table  3 


Lorentz  line  parameters  Et,  <7!  and  A corresponding  to  the  best  single  Lorentz  line  (its  to  the 
experimental  <tt.,(£)  curves  shown  in  fig.  12 


Et  (Me V) 

(mb) 

A (MeV) 

91  Mo 

1 6.9  ±0.1 

1 54  ±10 

5.4  ±0.2 

"Mo 

16.4±0.1 

184±  10 

5.7±0.2 

**Mo 

I6.2±0.1 

1 34  ±10 

6.3  ±0.2 

"Mo 

15.8  ±0.1 

1 89  ±15 

6.0  ±0.2 

100Mo 

15.7±0.1 

170±  10 

7.9  ±0.2 

Table  4 

Integrated  photoneutron  cross  sections  and  sum  rules  of  the  Mo  isotopes 


PH 


Nucleus 

92  Mo 

3*Mo 

90  Mo 

9 3 Mo 

100  Mo 

£m  (MeV) 

29 

29 

29.5 

29 

2S.5 

<r0»  (MeV  • b) 

1.10 

1.37 

1.53 

1.60 

1.5S 

<T0a 

0.804 

0.98 

1.08 

1.11 

l.C's 

0.06  NZA-1 

cr.L  (mb) 

60 

79.3 

89.2 

95.4 

95.-'- 

<7-i«  yI'1  (mb) 

0.145 

0.186 

0.203 

0.211 

0.2.C 

<7_Ja  (mb  • MeV" l) 

3.3 

4.8 

5.1 

6.0 

6.1 

a-zaA- i(/<b-  MeV*1) 

1.77 

2.48 

2.55 

2.91 
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METHOD 


j REF.  NO. 

78  Ba  11 


hmg 

11/17/30 


reaction 

RESULT 

EXCITATION 

ENERGY 

SOURCE 

DETECTOR 

ANGLE 

TYPE  RANGE 

TYPE  RANGE 

G,NPG 

LFT 

*91(90.4) 

C 20,40 

SCD-D 

135 

Short-lived  isomers  in  the  nuclei  90>92Nb,  "Mo,  *«-ioo.ioiTc  and  ioiRu  popuiated  ^ 
photonuciear  reactions  were  studied  by  pulsed  beam  techniques.  Energy  and  half-life  of 
the  y-rays  deexciting  the  isomeric  levels  were  measured  by  recording  energy-time  spectra. 
The  delayed  y-rays  and  K X-rays  were  detected  by  means  of  an  intrinsic  Ge-detector  of 
high  resolution.  From  the  measured  intensity  ratios  internal  conversion  coefficients  were 
determined.  The  multipolarities  of  the  isomeric  transitions  could  be  deduced  in  most  cases. 
A classification  of  the  observed  isomers  has  been  tried  on  the  basis  of  the  obtained  experi- 
mental results  and  most  recent  literature  data. 


*KeV,  Isomer  LFI 


TabU  I.  Experimental  results.  £:  energy.  Tui:  halflife,  1^,:  relative  intensity,  L:  multipolarity,  H:  hindrance  factor 


Line 

£ [keV] 

r„2  [US] 

Tt/i  [»»] 

(weighted 

average) 

*c 

Intensity 

ratios 

L 

a 

’•Nh 

K X-ravs 

1 

— 

— 

— 

123 

122.6+0.2 

63  ±2 

15 

0.56  ±0.22 

£2 

120 

*:Nb 

K X-rays 

— 

• 

1 

- 

- 

- 

90 

90.4  ±02 

5.9  ±0.2 

10.3 

0.14  ±0.01 

£1 

1 J • 10T 

"Mo 

K X rays 

.. 

152  ±0.4 

15.5  ±0.2 

1 

- 

- 

- • 

98 

97.8  ±0.1 

15.6  ±0.2 

0.95 

1.45  ±0.27 

£2 

20 

138 

137.7  +0.2 

0.79  ±0.09 

0.76  ±0.06 

1 

f«so/f iss  m 

Ml 

— 

449 

449.2  ±0.2 

0.74  ±0.08 

0.97 

0.97  ±0.08 

(M2) 

(37) 

"Tc 

K X-rays 

— 

14.8  ±0.5 

14.6  ±0.4 

l 

- 

- 

22 

21.8  ±0.2 

16.4  ±17 

from 

0.036 

T43 /fjj “ 

£l  + l?i  M2 

to’ 

26 

— 

- 

X,  43 

- 

5.1  ±0  5 

(£2) 

- 

43 

43.5  ±0.2 

14.4  ±0.5 

0.18 

.Ml 

— 

K X-rays 

— 

8.2  ±0.7 

8.2  ±0.3 

1 

- 

- 

29 

28.7  ±0.3 

- 

from 

0.027 

£2 

1 

172 

172J+0.3 

8.2  ±0.3 

X,  172 

12 

82  ±40 

(Afl,  £2) 

- 

:,’Tc 

K X-rays 

— 

- 

1 

- 

- 

- 

192 

192.0±0.3 

636  ±8 

5.0 

0.26  ±0.06 

M2 

560 

141  Au 

K X-rays 

— 

16.1  ±3.9 

17.5  ±0.4 

1 

— 

- 

220 

220.7  ±0.2 

174  ±0.5 

from 

7.5 

f loJIizo  m 

M2 

28 

306 

306.6  ±0.3 

17.7  ±0.6 

220.  306 

9.1 

1-2  ±0.1 

- 

- 

form  N3S-418 

'REV.  7-1  4-64) 

USC  OMM-N  BS-OC 


PHOTONUCLEAR  DATA  SHEET  526 


U.S.  OEPARTMENTOF  commerce 
national  bureau  of  STANOARDS 


ref.  K.  Masumoto,  T.  Kato,  N.  Suzuki 

Nucl.  Inst.  Meth.  157,  567  (1978) 


ELEM.  SYM. 


Mo 


94 


42 


METHOO 
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78  Ma  10 


hg 


REACTION 

RESULT 

EXCITATION 

ENERGY 

SOURCE 

OETECTOR 

ANGLE 

TYPE  RANGE 

TYPE  RANGE 

G,PN 

ABY 

17-68 

C 30-68 

act 

4PI 

G,AN 

ABY 

14-68 

C 30-68 

ACT  -jr 

4PI 

Analysis  is  made  of  reactions  interfering  with 
photon  activation  analysis  procedures. 

The  activation  yield  curves  have  been  presented  for  a number  of  photonuclear  reactions  in  the  ejiergy  range  from  30  tc 
6?  MeV,  in  order  to  evaluate  quantitatively  the  interferences  due  to  competing  reactions  in  multielement  photon  activation 
analysis.  The  general  features  of  the  yields  as  functions  of  both  target  mass  number  and  excitation  energy  were  elucidated 
from  the  data  obtained,  discussion  being  given  on  the  results  in  terms  of  the  reaction  mechanism. 

Simultaneous  neutron  activation  due  to  appreciable  neutron  production  from  the  converter  and  surrounding  materials 
has  also  been  studied,  and,  finally,  the  magnitudes  of  interferences  in  real  multielement  analysis  were  given  in  the  form 
of  their  energy  dependences. 


(G,PN) 

(G,AN) 


TO  NB-92M 
TO  ZR-89M 


Nr 

Fig.  2.  Yield  per  equivalent  quanta  versus  target  neutron  num- 
ber. 


Fig.  7.  Activation  yield  curves  for  the  reactions  on  Y,  Zr,  Nb 
and  Mo. 

♦ 89Y(y,  n)88Y,  © ^Zrly.  n)89Zr.  O 90Zr(y,  pn)88Y. 

A 93Nb<7,  n)92mNb.  A 9JNb(y.  xn)88  Y,  B 100Moly.  n)wMo, 
O 97 Mol 7,  p)96Nb,  3 ,6Mo(y.  p)93mNb.O  94Mo<y.  pn)9’mNb, 
□ 9JMo(y,  2n)wMo,7  94 Mol 7,  arm89 Zr. 


- O rm  N3S-4 18 

R E ' . • 1-  - 


(over) 

u.s.  department  of  commerce 
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E max  ( McV  ) 


Fig.  II.  Yields  of  the  (y,  pn)  reactions  as  a function  of  brcms- 
strahlung  maximum  energy  and  target  mass  number.  The 
numerical  values  in  the  figure  are  yields  per  equivalent  quanta 
in  mb. 
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79F12 


hg 


REACTION 

RESULT 

EXCITATION 

ENERGY 

SOURCE 

oetector 

angle 

TVPC  RANGE 

TYPE  RANGE 

E,A 

SPC 

UKN 

D 120 

MAG-D 

30 

This  paper  presents  energy  spectra  of  a particles  emitted  following  the  bombardment  normim  to  a cmtcc 

of  JtAl,  n,,Nl»  52 Mo,  *4Mo,  and  lsTAu  with  120-MeV  electrons,  together  with  a-partlcle  PREEQUILIB  A EMISS 

angular  distributions  from  mAu  and  B,tNl  for  Ea  » 30  and  50  MeV.  The  data  are  com- 
pared with  preequilibrium  exclton- model  and  statistical-model  calculations,  ft  Is  con- 
cluded that  few- step  processes  are  dominant  in  the  production  of  a particles  with  ener- 
gies above  20  MeV. 


FIG.  1.  o-partlcle  energy  spectra  at  9a  =30*,  for  Et 
= 120  MeV.  Errors  shown  are  the  sum  of  statistical 
and  systematic  contributions.  The  solid  lines  are  a 
guide  to  the  eye. 


TABLE  I.  Temperatures  corresponding  to  the  pre- 
equilibrium  component  of  the  ( e,a ) reaction,  derived 
from  energy  spectra  at  9 a = 30*  for  E,  - 120  MeV . 


Target 

Temperature*  (MeV) 

”A1 

5.3 

°“Nl 

5.5 

”Zn 

5.4 

**Mo 

5.6 

,4Mo 

5.4 

1stAu 

6.1 

‘Error  is  ±0.2  MeV. 
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METHOO 


REF.  NO. 

81  Sc  6 


egf 


REACTION 

RESULT 

excitation 

ENERGY 

SOURCE 

DETECTOR 

ANGLE 

TYPE  BANGS 

G.G 

ABX 

6 

6 

SCD-D 

90 

Elastic  scattering  by  nuclei  in  the  range  of  mass  numbers  between  64  and  238  has  been  6.555  MEV 
studied  with  monochromatic  photons  in  the  energy  range  between  2 and  8 MeV.  These 
photons  were  provided  either  by  a Ti(n,y)  source  installed  in  the  tangential  through 
channel  of  the  Grenoble  high  flux  reactor,  or  by  24,Na  and  36Co  sources  produced  by 
deuteron  bombardment  of  A1  or  Fe  at  the  Gottingen  cyclotron.  The  photoexcitation  of 
23  nuclear  levels  has  been  observed  and  the  decay  properties  and  groundstate  widths  of 
the  majority  of  these  levels  have  been  determined.  For  the  lead  scattering  target  the  co- 
herent elastic  differential  cross  section  has  been  studied  in  detail.  There  is  evidence  that 
below  the  photo-neutron  threshold  the  elastic  scattering  via  virtual  photoexcitation  of 
the  nucleus  can  be  approximated  by  extrapolating  the  real  pan  of  the  Giant  Dipole 
Resonance  amplitude  along  a Lorentzian  curve.  Coulomb  corrections  to  Delbriick  scat- 
tering seem  to  play  a small  role  at  6.5  MeV. 


Table  4.  Properties  of  levels  observed  by  photoexcitation.  (d<r/dQ)N*r:  experimental  differential  cross  section  per  iden- 
tified isotope  or  dement  for  resonance  scattering  through  8-90°.  /*:  spin-parity  of  excited  levd;  WIG):  angular  cor- 
relation function;  g = (2/,I  + l)/(2/,-t- 1);  F0:  radiative  groundstate  transition  width,  f ; total  level  width.  Errors  in  the 
last  digits  are  given  in  parentheses 


Isotope 

(MeV) 

(do,dQ)"*r ' 
(pb/sr) 

/* 

To/r* 

w[G)gr0l/r 

(meV) 

r,' 

(meV) 

V 

(meV) 

23*U 

1754 

13  (4) 

(1) 

0.77 

0.145 

0.084 

- 

23»U 

3.254 

421  (5) 

l- 

0.24 

0.83 

1.5 

0.52(15)“ 

20,Bi 

6.555 

11  (4)- 102 

- 

- 

0.74 

0.74* 

- 

2°»Bi 

7.168 

1.7  (3)-  10s 

9/2** 

1.00 

710 

786 

820  (40)* 

2°jTi 

6.418 

8.75(30)-  103 

1/2* 

0.28 

30 

102 

82  (15)* 

T1 

6.759 

7 (3) 

- 

- 

- 

- 

- 

Hg 

6.555 

68  (17) 

- 

- 

- 

- 

- 

186^y 

6.418 

5.2  (3)-102 

1-* 

0.32 

1.75 

14 

- 

"‘W 

6.555 

9.8  (10)- 102 

(1) 

0.52 

3.44 

2.9 

- 

IS4W 

6.759 

46  (10) 

(1) 

0.58 

0.17 

0.13 

- 

1,,Ta 

3.010 

174  (17) 

- 

0.72 

0.42 

0.59 

- 

,s‘Ta 

6.418 

62  (4) 

- 

0.73 

0.2 

0.27* 

- 

l91Ta 

6.759 

4.8  (12) 

- 

- 

0.018 

0.018* 

- 

‘»5Ho 

6.418 

10.3  (30) 

- 

- 

0.035 

0.035* 

- 

l65Ho 

6.759 

5.6  (14) 

- 

- 

0.021 

0.021* 

- 

Nd 

2.754 

2.6  (5) 

- 

- 

- 

- 

- 

Nd 

3.254 

14.0  (10) 

- 

- 

- 

- 

- 

Ce 

6.759 

13.4  (10) 

- 

- 

- 

~ 

- 

,SlSb 

3.452 

2.20  (5)  103 

- 

0.60 

2.9 

4.9* 

- 

100Mo 

6.418 

1.53  (4).  10* 

1-* 

0.88 

52 

26 

25  (8)* 

’*Mo 

6.555 

4.4  (4)  I03 

(1) 

0.33 

15 

21 

- 

Mo 

6.759 

6.2  (15) 

- 

- 

- 

- 

Mo 

7.168 

8.2  (26I102 

- 

* 

* 

- 

1 [11]  * lV(6»gr0/r=  l assumed  c ll'(0)g=l  assumed 

d [28]  la  small  correction  has  been  applied  to  the  data  of  [28]) 

* Upper  limns  in  case  not  all  the  transitions  to  lower  levels  were  observed 
' Present  work  • Previous  work 
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TYPE  RANGE 
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LFT 

1 

D 1 

NAI-D  0-1 

DST 

(766  keV) 

Lifetime  2.9± 


1.6 


i.o  psec< 

W(0)  = 1 + AsPa  (cosG) 
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Method 


reactor,  Argonne  fast  chopper  - Nal(Tl) 


8 c- 


Reaction 


E or  AE 


S* 


dE 


J rr 


Notes 


Mo"^  (n,7)Mo'^ 


E up 
n r 


107  eV 


to  700eV. 


Resonance  due  to  capture  of p wave 
neutron;  El  transition 

Capture  of  y-ray  spectrum  studied 
in  order  to  identify  individual 
resonances  due  to  pwave  neutron 
capture. 

Detector  at  90° 
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, REF.  NO. 
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REACTION 

RESULT 
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ENERGY 

SOURCE 

detector 
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TYPE 
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TYPE 

RANGE 

G.P 

ABY 

106-999 

C 
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TEL-D 

97-230 

DST 

G,D 

ABY 

113-999 

C 

700.999 

TEL-D 

97-205 

DST 

egf 


999  = 1.2  GEV 


Summary 

The  cross-sections  of  the  (y,  p)  (y.  d)  reactions  were  investigated.  Li7,  Be*,  C»»,  Si*. 
Cu“  Mo*  and  Ta'*1  targets  were  irradiated  with  the  bremsstrahlung  of  700  and  1200  MeV 
maximum  energy  from  the  Kharkov  PhTI  Ac.  Sci.  UkrSSR  linear  accelerator.  The  photo- 
protons  and  deuterons  were  detected  by  the  scintillation  telescope  at  30*.  60*.  and  120* 
with  the  beam.  Possible  mechanisms  of  the  proton  and  deuteron  photoproduction  are  dis- 
cussed. The  qualitative  agreement  of  A dependence  of  the  cross-sections  is  observed  with 
a suggestion  on  the  meson  mechanism  for  these  reactions. 
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REACTION 

RESULT 

EXCITATION 

SOURCE 

DETECTOR 

ENERGY 

TYPE  RANGE 

TYPE  RANGE 

ANGLE 

G,G 

LFT 

6.0 

D 6.0 

D 

DST 

(6.41,6.44) 

(6.41,6.44) 

(90,135) 

Self- Absorption. 

6.41, 

6.44  MEV 

Results  of  determination  of  the  resonance-level  parameters 


Source- 

scatterer 

<aop> ' 

mb 

rXo> 

eV 

0, 

keV 

Reference 

Pb 

- Za64 

7.19 

33*4.5 

0-59*0.12 

5.3.70*10.13 

This  work 

Ti 

- Mo96 

<5.413 

11.2  *1.4 

0.11*0.02 

3.58*  1.57 

If 

Ti 

- L.139 

4,413 

16  04-2.10 

0.23*0.05 

8.03*  1.42 

II 

T. 

- Bi  209 

7.15 

1200*230 

0.32  *0.07 

1.84*0.40 

II 

5.996 

1550 

- 

- 

(11 

7.15 

2600 ±800 

0.42*0.14 
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Analysis  is  made  of  reactions  interfering  with 
photon  activation  analysis  procedures. 


TO  NB-95M 


The  activation  yield  curves  have  been  presented  for  a number  of  photonuclear  reactions  in  the  ejtergy  range  from  30  to 
68  MeV,  in  order  to  evaluate  quantitatively  the  interferences  due  to  competing  reactions  in  multielement  photon  activation 
analysis.  The  general  features  of  the  yields  as  functions  of  both  target  mass  number  and  excitation  energy  were  elucidated 
from  the  data  obtained,  discussion  being  given  on  the  results  in  terms  of  the  reaction  mechanism. 

Simultaneous  neutron  activation  due  to  appreciable  neutron  production  from  the  converter  and  surrounding  materials 
has  also  been  studied,  and.  finally,  the  magnitudes  of  interferences  in  real  multielement  analysis  were  given  in  the  form 
of  their  energy  dependences. 


101  10J 
Nt 


Fig.  2.  Yield  per  equivalent  quanta  versus  target  neutron  num- 
ber. 


Fig.  7.  Activation  yield  curves  for  the  reactions  on  Y,  Zr,  Nb 
and  Mo. 
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Fig.  10.  Yields  of  the  (y,  p)  reactions  as  a function  of  brems- 
strahlung  maximum  energy  and  target  mass  number.  The 
numerical  values  in  the  figure  are  yields  per  equivalent  quanta 
in  mb. 
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Quasimonochromatic  photons  have  been  used  to  measure  elastic  and  inelastic  photon 
scattering  cross  sections  in  the  giant  dipole  resonance  region  of  s:Cr,  Fe.  60Ni,  ,:Mo,  and 
Mo  in  an  experiment  in  which  the  elastic  and  inelastic  scattering  are  resolved.  The  elas- 
tic scattering  cross  sections  show  clear  evidence  for  isospin  splitting  of  the  giant  dipole 
resonance.  The  inelastic  scattering  to  low-lying  vibrational  levels,  which  is  a measure  of 
the  coupling  between  the  giant  dipole  resonance  and  collective  surface  vibrations,  is  in 
qualitative  agreement  with  the  predictions  of  the  dynamic  collective  model.  However, 
when  examined  in  detail,  this  model  does  not  provide  an  adequate  description  of  the 
scattering  data. 


NUCLEAR  REACTIONS  52Cr,  Fe,  "Ni,  ,2-*Mo  (y,/),  14<£r<  22 
MeV;  measured  £n  £/,  dcr/dil  for  y0.y,.  Compared  to  DCM  predic- 
tions. Tagged  photons. 


FIG.  4.  Elastic  (closed  circles)  and  inelastic  (open  cir- 
cles) scattering  cross  sections  at  9= 90*  on  %Mo.  The 
error  bars  represent  statistical  uncertainties  only.  The 
solid  lines  are  the  DCM  calculations  for  the  elastic  and 
inelastic  cross  sections.  The  curves  corresponding  to 
calculations  with  and  without  isospin  splitting  are  indis- 
tinguishable. 
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Fig.  I. — Cross  sections  for 

(а)  MMo  (y.n)  reaction, 

(б)  l00Mo  (y.n)  and  (y.n) + (y,p) 
reactions,  and 

(«)  (y,p)  reactions  for  »7Mo,  »*Mo, 
and  io»XIo. 

In  (c)  the  cross  section  for  the 
l00Mo  (y,p)  reaction  has  been 
adjusted  in  energy.  See  text  for 
further  explanation  of  curves. 
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Analysis  is  made  of  reactions  interfering  with 
photon  activation  analysis  procedures. 


The  activation  yield  curves  have  been  presented  for  a number  of  photonuclear  reactions  in  the  energy  range  from  30  to 
68  MeV,  in  order  to  evaluate  quantitatively  the  interferences  due  to  competing  reactions  in  multielement  photon  activation 
analysis.  The  general  features  of  the  yields  as  functions  of  both  target  mass  number  and  excitation  energy  were  elucidated 
from  the  data  obtained,  discussion  being  given  on  the  results  in  terms  of  the  reaction  mechanism. 

Simultaneous  neutron  activation  due  to  appreciable  neutron  production  from  the  converter  and  surrounding  materials 
has  also  been  studied,  and,  finally,  the  magnitudes  of  interferences  in  real  multielement  analysis  were  given  in  the  form 
of  their  energy  dependences. 
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Fig.  10.  Yields  of  the  iy.  p)  reactions  as  a function  of  brems- 
strahlung  maximum  energy  and  target  mass  number.  The 
numerical  values  in  the  figure  are  yields  per  equivalent  quanta 
in  mb. 
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Fig.  1. — Cross  sections  for 
(o)  »*Mo  (y,  n)  reaction, 

(6)  1#0Mo  (y,n)  and  (y,n)+(y,p) 
reactions,  and 

(c)  (y,p)  reactions  for  *7Mo,  **Mo, 
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We  used  the  35-MeV  betatron  of  our  institute  to  in- 
vestigate photoneutron  reactions  on  the  isotopes  Mo92 
and  Mo98.  The  yield  curves  of  the  reactions  (y,  Tn) 
were  measured  in  the  energy  range  from  7 to  30  MeV 
in  steps  of  100  keV.  The  targets  were  prepared  from 
metallic  Mo.  The  content  of  the  investigated  isotopes 
was  not  less  than  97%.  The  use  of  a highly  efficient 
neutron  detector  (e  « 45%)  and  of  a multichannel 
method  of  measurements  has  made  it  possible  to  obtain 
the  yield  curves  with  high  accuracy  (0.1%  in  the  region 
25-30  MeV)  and  to  observe,  for  the  first  time,  the  in- 
termediate structure  of  the  giant  resonance  on  the  iso- 
topes of  Mo.  The  statistical  reduction  of  the  experi- 
. mental  information  and  the  determination  of  the  cross 
sections  of  the  photoneutron  reactions  was  carried  out 
in  accordance  with  a program  prepared  by  the  Compu- 
tational Center  of  the  Moscow  State  University115. 

The  obtained  cross  section  of  the  reactions  a(y,  Tn) 
= cr(y,  n)  ♦ 2<x(y,  2n)  + ff(y,  np)  are  shown  in  the  figure, 
from  which  it  is  seen  that  approximately  15  resonances 
are  observed  in  each  cross  section. 

The  widths  of  the  giant  resonances  in  the  reaction 
(y,  Tn)  on  Mo92  and  Mo98  are  5 and  7 MeV  respec- 
tively (curves  a in  the  figure).  After  taking  into  ac- 
count the  multiplicity  in  accordance  with  the  data  ofC25 
for  this  region  of  nuclei,  the  cross  sections  obtained 
were  <7n  = c(y,  n)  + u(y,  2n)  + <r(y,  np)  (curves  b).  The 
widths  of  these  cross  sections  for  Mo92  and  Mo98  are 
the  same  and  equal  5 MeV.  The  curves  c correspond 
to  the  cross  sections  <j(y,  n)  + a(y,  np).  The  widths 
for  them  are  5 and  3.5  MeV  respectively  for  Mo92  and 
Mo98. 

The  widths  cn  of  the  integral  cross  sections  of  the 
reactions  for  Mo92  and  Mo98  are  1.29  ± 0.13  and  2.0 
± 0.2  MeV-b.  The  integral  cross  section  <7n  increases 
with  increasing  N - Z for  isotopes  of  a given  element. 
It  is  interesting  to  note,  however,  that  in  the  case  of 
Mo  the  increase  of  crn  and  of  the  width  of  the  giant 
resonance  is  due  to  the  cross  section  of  the  reaction 
(y,  2n).  Thus,  for  Mo92  we  have  <x(y,  2n)  = 0.17 
± 0.02  McV-b,  whereas  for  Mo98  wc*  have  o(y.  2n) 

= 0.83  ± 0.08  MeV-b,  i.e.,  the  cross  section  of  the  re- 
action (y,  2n)  increases  by  almost  five  times.  Such  a 
sharp  increase  of  the  cross  section  of  the  reaction 
Mo98(y,  2n)  is  connected  with  the  low  threshold  of  the 
(y,  2n)  reaction,  namely  E^£o8(y,  2n)  = 15.5  MeV. 

For  comparison,  we  point  but  that  E^£o2(y,  2n) 

= 22.8  MeV. 

For  the  reaction  (y,  n)  +(y,  np),  the  integral  cross 
sections  for  Mo92  and  Mo98  are  respectively  1.12 
± 0.11  and  1.10  ± 0.11  MeV-b. 


Effective  cross  sections  for  Mo,:  and  MoJ’:  a - 0(7.  Tnh  b - a(  y. 
n)  + a(7,  2n)  + 0(7.  np);  c - 0(7.  n)  + 0(7.  np):  J - toial-absorption 
cross  section  o-j,  obtained  in  [“]  for  Mo'a  (right-hand  >ca'.e >. 


There  are  at  present  no  published  data  on  the  struc- 
ture of  the  photoneutron  cross  sections  on  the  Mo  iso- 
topes. Such  general  characteristics  of  the  giant  reso- 
nance as  the  position  and  magnitude  of  the  integral 
cross  section  are  known  only  for  the  reaction 
Mo,:(y.  n)-1"’5.  Even  these  results,  however,  are  highly 
contradictory.  Thus,  data  on  the  width  of  the  giant 
resonance,  obtained  in(3'.  exceed  the  data  of  * by  a 
factor  of  2. 

In  conclusion,  let  us  compare  the  experimental  re- 
sults obtained  by  us  with  the  calculations  performed  on 
the  basis  of  the  collective  dynamic  theory  ' . The 
photodisintegration  of  the  Mo'm  was  calculated  within 
the  framework  of  this  theory,  raid  the  result  is  shown 
in  the  figure  (curve  d).  We  see  that  the  theoretical 
calculation  agrees  only  roughly  with  the  experimental 
data.  The  experimentally  measured  cross  sections  re 
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Fig.  6.  Partial  photoncutron  cross  sections  o(y,  2n)  and  a(y,  3n)  of  9*Mo,  ®*Mo  and  100Mo. 
Arrows  indicate  theoretical  threshold  values  given  in  table  2. 
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7.637 

0.28 

1.043 1=0.007 

0.8  ±0.3 

100Mo(Ti) 

6.418 

0.85 

1.032  ±0.003 

0.6±0.3 

lI,Sn(Cu) 

6.988 

0.84 

1.020  ±0.009 

5.7±0.2 

126Tc(Cu) 

7.915 

0.4  ±0.1 

0.95  ±0.05 

6 ±5 

t30Tc(Cu) 

7.637 

0.45  ±0.10 

0.84  ±0.05 

0.9±1.5 

139L.?(Cu) 

7.637 

0.55 

0.95  ±0.01 

2.2  ±0.3 

139La(Ti) 

6.418 

0.78 

0.968  ±0.008 

6.4±0.S 

14lPr(Cu) 

7.915 

0.25 

1.02  ±0.01 

0.9  ±0.9 

,4,Pr(Cu) 

7.252 

0.51 

1.005x0.003 

5.9  ±0.4 

l44Nd(Cu) 

7.915 

0.27 

0.89  ±0.05 

< 0.5 

l,8W(Ti) 

6.418 

0.31 

1. 030  ±0.004 

< 0.5 

303Tl(Ti) 

6.413 

0.28 

1.03  ±0.01 

1.6±0.3 

303Ti(Cu) 

7.252 

0.58 

1.02  ±0.01 

1.6±0.7 

209Bi(Cu) 

7.637 

1.00 

1.00  ±0.02 

2 ±1 

J09Bi(Ti) 

7.163 

1.00 

0.971  ±0.005 

28.0±0.6 

')  The  values  of  Rr  arc  given 
detector  angle  of  135’. 

b)  The  values  of  R arc  given 
20  g./cm2  thick  absorber. 

Table  7 

for  10  g/cm2  thick  scatterers  placed  at  an  angle  of  60°  and  a 
for  the  same  scatterer-detector  geometry  as  that  of  Rr  and  a 

Summary  of  F,  r0  and  6 of  resonance  levels  measured  in  the  present  work  and  in  earlier 

works  8-'5-17) 

Isotope 

Energy 

r 

r0 

<5 

Ground  state 

(MeV) 

(mcV) 

(meV) 

(eV) 

transition 

S3Cu 

6.556 

70  + <JO 
'U-20 

28; 13 

11.2  ±0.8 

S9Ga*) 

7.306 

105  ±40 

48  ± 7 

6.2  ±0.5 

ni 

100Mo c) 

7.637 

140  ±40 

40  ± 5 

4.5  ±0.5 

El 

100Mo 

6.418 

50±35 

25±  8 

4.25±0.25 

EI 

ll8Sn 

6.988 

1 52  ± 5 

123  ± 3 

5.5  ±0.5 

El 

12STe 

7.915 

12±  6 

5=  2 

11  ±2 

Ml 

130Tc 

7.637 

60±30 

30±10 

15  ±2 

El 

t39La  s) 

7.637 

170±40 

47  ± 6 

10.5  ±0.5 

E’ 

I39La  s) 

6.418 

851 13 

67±  8 

9.5  ±0.5 

•i  - 

i4iPr  b) 

7.915 

7±  3 

2±  1 

6.6  ±1.0 

Ml 

14,Pr ») 

7.252 

290  ±30 

1 10±  10 

6.4  x0.5 

EI 

144Nd  “) 

7.915 

30±  10 

3±  3 

14.0  ±0.5 

Ml 

1,6W 

6.418 

46±35 

6±  3 

1 ±1 

El 

2 03^ 

6.418 

350±60 

82  ±15 

0.5  ±0.5 

SOJ^l  b) 

7.252 

50  ±30 

25  ± 6 

5.2  ±1.5 

Ml 

205Bi 

7.637 

> 500 

> 30 

209Bi 6) 

7.168 

820  ±40 

820  ±40 

5.8  ±0.3 

EI 

a)  Ref.  1S).  »)  Ref.  s).  =)  Ref. l7).  (over) 
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Table  6 


Values  of  -42,  N ||/.Vj.,  spins,  and  mixing  amplitudes  .v 


Scattcrer 

(y-source) 

Eo 

(McV) 

^2 

Jon 

J*  * 

Jt’ 

A* 

43Cu(Ti) 

6.556 

0 

n — 

i 

A- 

0 

49Ga(Cu) 

7.306 

0.14  ±0.01 

1.046  ±0.022 

j- 

A -r 

a.- 

0 

100Mo(Cu) 

7.637 

0.49  ±0.05 

1.17  ±0.05 

6* 

b 

0* 

0 

IOOMo(Cu) 

7.102*) 

0.013±0.016 

o- 

1- 

^ 4- 

-0.06-0.02  u) 

100Mo(Ti) 

6.418 

0.52  ±0.02 

1.15  ±0.03 

0* 

1- 

0 + 

0 

I00Mo(Ti) 

5.355  *) 

0.19  ±0.08 

0* 

1- 

2^ 

0.21  --0.12 

u,Sn(Cu) 

6.988 

0.48  ±0.02 

1.12  ±0.05 

0 + 

1" 

o- 

0 

124Te(Cu) 

7.915 

0.46  ±0.11 

0.86  -0.10 

0* 

1 + 

o- 

C 

l30Te(Cu) 

7.637 

0.48  ±0.04 

1.12  ±0.04 

o- 

1- 

o- 

0 

l39La(Cu) 

7.637 

0.16  ±0.02 

1.024±0.0!5 

7 -r 

■t  ~~ 

*+ 

0 

13,La(Ti) 

6.418 

0.093  ±0.004 

1.018-0.006 

Z-+ 

j- 

4+ 

0 

l41Pr(Cu) 

7.915 

0.41  ±0.06 

0.94  -0.03 

> + 

b 

a 4» 

0.26+^, 13 

‘“Pr(Cu) 

7.252 

0.23  ±0.06 

1.03  ±0.02 

i* 

i~ 

3* 

0 

144Nd(Cu) 

7.915 

0.50  ±0.03 

0.92  ±0.09 

o+ 

i* 

0+ 

0 

IS4W(Ti) 

6.418 

0.49  ±0.05 

1.15  -0.06 

0* 

l- 

O’- 

0 

l84W(Ti) 

6.296  *) 

-0.011  ±0.014 

0- 

i- 

-o.io-o.03 c; 

203Tl(Ti) 

6.418 

0 

1.01  -0.01 

z* 

V 

4- 

o 

205Tl(Cu) 

7.252 

0.71  ±0.08 

0.90  4-0.02 

b 

b 

i* 

—0.25-0.05 

205Tl(Cu) 

7.047  *) 

-0.69  ±0.03 

? + 
T 

0.33  4Q.04 

209Bi(Cu) 

7.637 

0.24  ±0.04 

5" 

(j) 

i- 

209Bi(Ti) 

7.168 

0.20  ±0.02 

1.040±0.015 

0- 

0 + 

•Jr™ 

1) 

•o 

Horsh 

ec 

no 

(1 

970)  i: 

L44 

S) 

A. 

et 

C5 

(1 

572)  2276 

13) 

Zj 

I-Iorch 

ec 

363  (1971)  71 

16) 

R. 

Korea 

ot 

C7 

(1 

573)  i; 

C35 

17) 

R. 

Horeh 

et 

A217  (1973)  477 


al. , I-Lyi.  Rev. 
al. , liiys.Rev. 
al.  , Rhys.  Late 
al.  , V'hy3.  Rev. 
al. , Kusl.  I'hys 


29)  R.  Korsh  st  al.  , Rhys.  Re-7. 
C4  (1971)  2255 

30)  R.  Her eh  ec  al. , Rhys.  Rev. 
173  (1569)  1561 


Errors  refer  to  one  standard  deviation. 
*)  Inelastic  transitions. 

b)  Ref. 17). 

c)  Ref.  *3). 


Taule  3 

Values  of  r,,  D,  /er_ , and  A sll 


FI  transitions 


Ml  transitions 


seattercr  /?„  - » l\,  / 1)  kiA  seauerer  -- li,  I \ l) 

(y-sourcc)  (McV)  (mcV)  (oV)  (I0-9  McV"3)  (y-souree)  (MeV)  (meV)  (eV;  (10 


42Ni(Fc)  “) 

7.646 
->  1.172 

24 

12300 

0.5 

49Ga(Cu) 

7.306 

660 

->  0.572 

3.2 

1.0 

— 0.872 

2.7 

0.9 

100Mo(Cu) 

7.637 
— 0.535 

40 

670 

7.7 

— 1.063 

5.7 

1.4 

— 1.461 

1.4 

0.4 

ll2Cd(Fc)  b)  ■ 

7.632 
— 0.617 

11 

350 

4 

— 1.223 

7.3 

3.4 

— 1.429 

2 

1 

— 1.468 

1.7 

0.9 

130Te(Cu) 

7.637 

360 

— 0.S37 

16 

5.5 

— 1.5S9 

18 

8.8 

139La(Cu) 

7.637 

190 

— 1.384 

3 

2.5 

— 1.538 

3 

2.7 

l41Pr(Cu) 

7.252 
— 0.146 

82 

220 

38 

— 1.120 

8.6 

6.5 

186W(Cu) 

6.418 
— 0.122 

12 

110 

14 

12tTe(Cu) 

7.915 

:r.O 

— 0.666 

2.3 

1") 

— 1.421 

1.7 

<• 

I4lPr(Cu) 

7.915 

90 

— 1.298 

1.3 

•0 

— 1.437 

0.8 

— 1.580 

1.4 

it 

— 1.655 

1.0 

'<■ 

14lPr(Fc) c) 

7.632 
— 0.145 

5.6 

170 

— 1.130 

6.4 

1 ■.'! 

— 1.293 

0.4 

•> 

— 1.437 

5.6 

1 ,U 

— 1.451 

6.8 

1/u 

— 1.532 

1.1 

-y 

14*Nd(Cu) 

7.915 
— 0.697 

13 

330 

j . 

— 1.041 

2.7 

12 

— 1.564 

6.2 

205Tl(Cu) 

7.252 
— 0.205 

4 

1200 

%) 

The  values  of  D refer  to  an  excitation  energy  £0. 

*)  Ref.  ‘).  °)  Ref. 29).  c)  Ref. 30). 
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100 


42 


76  Ba  1 


egf 


REACTION 
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ANGLE 

TYPE  RANGE 
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ISOMER  RATIO 


Tabu  1 

Experimental  and  theoretical  results 


Process 

Target- 

spin 

(keV) 

** 

Spin 

high 

Spin 

low 

a _ °iilt* 

a«jb  _ 

SCOP  (A) 

‘•‘Ta(y,  3n) 

i * 

93 

2.2  h 

7- 

1* 

0.51  ±0.09 

3.6  ±0.2 

9.31  min 

8.15  h 

14aNd(y,n) 

0* 

755 

63  s 

r 

0.t)55  ±0.006 

2.20  ±0.06 

1100-1300, 

2.5  h 

0.19  ±0.01*) 

145 

*aMo(y,  n) 

0* 

652.9 

66  s 

*♦ 

i- 

1.03  ±0.21 

5.03  ±0.75 

1208,  1508, 

15.49  min 

0.85  ±0.07*) 

4 It 

1581,  1637 

1.92  ±0.15*) 

,00Mo (y,  n) 

0* 

97.3 

16.8  /is 

i* 

0.85  ±0.24 

1.72  ±0.25 

140.5 

66.02  h 

10*Pd(y,  n) 

0* 

214.5 

22s 

i* 

0:5  ±02 

3.4  ±0.5 

115 

850  ns 

“°Pd(y.n) 

0* 

188 

4.7  min 

i * 

0.11  ±0.02 

3.14±0.15 

113 

390  ns 

i * 

0.41  ±0.09 

3.0  ±0.25 

87.7 

13.47  h 

i* 

i* 

3.2  ±0.7 

3.3  ±0.4 

**Y(y.a) 

*- 

231.7 

14.2  ms 

S* 

i+ 

0.056  ±0.008 

442.3 

3915 

300  /is 

•)  Ref.  *4).  *)  Ref.  **). 

14 

P.E.  Hausteing  et  al.,  J.  Inorg.  Nucl.  Chem.  3_3»  289  (1971) 
15J.H.  Carver  et  al.,  Nucl.  Phys.  37,  449  (1962) 
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REF.  NO. 


78  Ba  11 


hmg 

11/17/80 


REACTION 

RESULT 

EXCITATION 

ENERGY 

SOURCE 

OETECTOR 

ANGLE 

TYPE  RANGE 

TYPE  RANGE 

G,NG 

LFT 

98(97, 8)*450(49 

9.2)  C 20,40 

SCD-D 

135 

Short-lived  isomers  in  the  nuclei  9092Nb,  99Mo,  98-ioo. ioijc  an(j  ioij^u  p0pUiataj  jjj  *KeV,  Isomer  LFT 

photonuclear  reactions  were  studied  by  pulsed  beam  techniques.  Energy  and  half-life  of 
the  y-rays  deexciting  the  isomeric  levels  were  measured  by  recording  energy-time  spectra. 

The  delayed  y-rays  and  K X-rays  were  detected  by  means  of  an  intrinsic  Ge-detector  of 
high  resolution.  From  the  measured  intensity  ratios  internal  conversion  coefficients  were 
determined.  The  multipolarities  of  the  isomeric  transitions  could  be  deduced  in  most  cases. 

A classification  of  the  observed  isomers  has  been  tried  on  the  basis  of  the  obtained  experi- 
mental results  and  most  recent  literature  data. 


Table  1.  Experimental  results.  £:  energy.  r,„:  halflife,  J^:  relative  intensity,  L:  multipolarity,  H : hindrance  factor 


Line 

£ [keV] 

Tut  Ol 

Tut  Cl*»] 
(weighted 
average) 

«« 

Intensity 

ratios 

L 

H 

**Nb 

K X-rav* 

_ 

t 

_ 

_ 

123 

122.6  ±0.2 

63  ±2 

15 

0.56  ±0.22 

£2 

120 

,:Nb 

K X-rays 

— 

— 

1 

- 

- 

— 

90 

90.4  ±02 

5.9  ±0.2 

10.3 

0.14  ±0.01 

£1 

Li-107 

**Mo 

K X-rays 

— 

152  ±0.4 

15.5  ±0.2 

1 

— 

- 

— 

98 

97.8  ±0.1 

15.6  ±0.2 

0.95 

1.45  ±0.27 

£2 

20 

138 

137.7  + 0.2 

0.79  ±0.09 

0.76  ±0.06 

i 

Ml 

— 

449 

449.2  ±0.2 

0.74  ±0.08 

0.97 

0.9  7 ±0.08 

(M2) 

(37) 

”Tc 

K X-rays 

14.8  ±0.5 

14.6  -0A 

1 

— 

- 

22 

21.8  ±0.2 

16.4  ±17 

from 

0.036 

tm 

£1  + 1?;  M2 

10’ 

26 

- 

- 

X.  43 

- 

5.1  ±0  5 

(£2) 

— 

43 

43.3  ±0.2 

14.4  ±0.5 

0.18 

Ml 

- 

:<!uTc 

K X-rays 

— 

8.2  ±0.7 

8-2  ±0.3 

1 

- 

— 

29 

28.7  ±0.3 

— 

from 

0.027 

£2 

1 

172 

172.3  ±0.3 

8.2  ±0J 

X.  172 

12 

82  ±40 

(Ml.  £2) 

- 

;,!Tc 

K X-rays 

— 

- 

I 

— 

- 

- 

192 

192.0  ±0.3 

636  ±8 

5.0 

0.26  ±0.06 

M2 

560 

“'ftu 

K X-rays 

_ 

16.1  ±3.9 

17.5  ±0.4 

1 

— 

— 

220 

220.7  ±0.2 

17.4  ±0.5 

from 

7.5 

lyoJIuo  m 

M2 

28 

306 

306.6  ±0.3 

17.7  ±0.6 

220.  306 

9.1 

1_2  ±0.1 

- 

— 
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Isomeric  cross  section  ratios  were  measured  for  the  photonuclear  reactions  l00Mo(y,n)  ISOMER  YIELD  DE-EX  G 

""'•"2,,Mo  and  l02Ru(y,p)  l0lm>rTc.  Using  the  Huizenga-Vandenbosch-method  spin  cut-  1 

off  parameters  were  deduced.  The  applicability  of  this  statistical  procedure  is  discussed.  A 
systematic  analysis  of  all  known  (y.jcn)  isomeric  ratio-measurements  shows  a linear 
correlation  between  derived  spin  cut-off  parameters  and  the  mean  value  of  the  spins  of 
the  isomeric  pair. 


Table  t.  Experimental  and  theoretical  results 


Process 

Targetspin  (A) 

£,(  keV) 

*1/2 

Spin  high  (A) 

Spin  low  (A) 

R~, 

SCOP(A) 

,00Mo(7,/i) 

0’ 

449.2 

760  ns 

11/2- 

5/2* 

0.11  ±0.02 

4.3  ±0.4 

137.7 

11/2- 

1/2* 

0.10  ±0.02 

4.3  ±0.4 

97.8 

15.5  ^ 

5/2* 

1/2* 

0.94  ±0.25 

1.8  ±0.3 

l01Ru(y.p) 

0* 

191.9 

636  (is 

9/2* 

1/2- 

1.33  ±0  JO 

1.65  ±0.35 

306.6 

Rexp= 


Y high  spin 

Y low  spin 
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Analysis  is  made  of  reactions  interfering  with 
photon  activation  analysis  procedures. 


The  activation  yield  curves  have  been  presented  for  a number  of  photonudear  reactions  in  the  ejiergy  range  from  30  to 
68  MeV,  in  order  to  evaluate  quantitatively  the  interferences  due  to  competing  reactions  in  multielement  photon  activation 
analysis.  The  general  features  of  the  yields  as  functions  of  both  target  mass  number  and  excitation  energy  were  elucidated 
from  the  data  obtained,  discussion  being  given  on  the  results  in  terms  of  the  reaction  mechanism. 

Simultaneous  neutron  activation  due  to  appreciable  neutron  production  from  the  converter  and  surrounding  materials 
has  also  been  studied,  and.  finally,  the  magnitudes  of  interferences  in  real  multielement  analysis  were  given  in  the  form 
of  their  energy  dependences. 


10'  10* 
Nr 


Fig.  2.  Yield  per  equivalent  quanta  versus  target  neutron  num- 
ber. 


Fig.  7.  Activation  yield  curves  for  the  reactions  on  Y,  Zr.  Nb 
and  Mo. 

♦ i9Y(y.  n)8,Y.  © wZr(y.  n)8,Zr.  O wZr(y.  pn»38  Y. 

^ ,JNb(y.  n)92mNb.A  ,JNb(y.  an)8*  Y.  B l0OMo<y.  n)9<>Mo. 
<>  97  Mol  y.  p)96Nb.  2 96Moly.  p)95m  Nb.O  "Moly.  pn)9Jm Nb 
□ ,!Moly.2n)»Mo.7  94  Mol  y. an)89Zr. 
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Fig.  9.  Yields  of  the  (y,  n)  reactions  as  a function  of  brems- 
strahlung  maximum  energy  and  target  mass  number.  The 
numerical  values  in  the  figure  are  yields  per  equivalent  quanta 
in  mb. 
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Elastic  scattering  by  nuclei  in  the  range  of  mass  numbers  between  64  and  238  has  been 
studied  wrth  monochromatic  photons  in  the  energy  range  between  2 and  8 MeV.  These 
photons  were  provided  either  by  a Ti(n,  y)  source  installed  in  the  tangential  through 
channel  of  the  Grenoble  high  flux  reactor,  or  by  24Na  and  56Co  sources  produced  by 
deuteron  bombardment  of  A1  or  Fe  at  the  Gottingen  cyclotron.  The  photoexcitation  of 
23  nuclear  levels  has  been  observed  and  the  decay  properties  and  groundstate  widths  of 
the  majority  of  these  levels  have  been  determined.  For  the  lead  scattering  target  the  co- 
herent elastic  differential  cross  section  has  been  studied  in  detail.  There  is  evidence  that 
below  the  photo-neutron  threshold  the  elastic  scattering  via  virtual  photoexcitation  of 
the  nucleus  can  be  approximated  by  extrapolating  the  real  part  of  the  Giant  Dipole 
Resonance  amplitude  along  a Lorentzian  curve.  Coulomb  corrections  to  Delbriick  scat- 
tering seem  to  play  a small  role  at  6.5  MeV. 


Table  4.  Properties  of  levels  observed  by  photoexcitation.  (d<r/</G)**F:  experimental  differential  cross  section  per  iden- 
tified isotope  or  element  for  resonance  scattering  through  © = 90°.  spin-parity  of  excited  level;  W(&):  angular  cor- 
relation function;  g = (2/f,-t-l)/(2/f  + I);  ro:  radiative  groundstate  transition  width,  f : total  level  width.  Errors  in  the 
last  digits  are  given  in  parentheses 


Isotope 

(MeV) 

(d<r/dQf*F  ’ 
(pb/sr) 

/* 

rjr 

w{G)gr0:;r 

. (meV) 

r t 
io 

(meV) 

V 

(meV) 

23«u 

1754 

13  (4) 

(1) 

0.77 

0.145 

0.084 

_ 

JJSU 

3.254 

421  (5) 

1“ 

0.24 

0.83 

1.5 

0.52(1 5V 

20,Bi 

6.555 

11  (4)102 

- 

- 

0.74 

0.74* 

- 

20,Bi 

7.168 

1.7  (3)105 

9/2  41 

1.00 

710 

786 

820  (40)* 

203-n 

6.418 

8.75(30)-  t0J 

1/2* 

0.28 

30 

102 

82  (15)* 

T1 

6.759 

7 (3) 

- 

- 

- 

- 

- 

Hg 

6.555 

68  (17) 

- 

- 

- 

- 

- 

I86^y 

6.418 

5.2  (3)-102 

1-* 

0.32 

1.75 

2.4 

- 

IS4W 

6.555 

9.8  ( 10)  102 

(1) 

0.52 

3.44 

19 

• 

l»4W 

6.759 

46  (10) 

(D 

0.58 

0.17 

0.13 

- 

llllTa 

3.010 

174  (17) 

- 

0.72 

0.42 

0.59 

- 

l,,Ta 

6.418 

62  (4) 

- 

0.73 

0.2 

0.27‘ 

- 

lslTa 

6.759 

4.8  (12) 

- 

- 

0.018 

0.0181* 

- 

‘“5Ho 

6.418 

10.3  (30) 

- 

- 

0.035 

0.035  6 

- 

165Ho 

6.759 

5.6  (14) 

- 

- 

0.021 

0.021“ 

- 

Nd 

1754 

2.6  (5) 

- 

- 

- 

- 

- 

Nd 

3.254 

14.0  (10) 

- 

- 

- 

- 

- 

Ce 

6.759 

13.4  (10) 

- 

- 

. 

- 

- 

l21Sb 

3.452 

2.20  (5)-  10J 

- 

0.60 

2.9 

49“ 

- 

l00Mo 

6.418 

1.53  14)- 104 

1-* 

0.88 

52 

26 

25  (8)* 

“Mo 

6.555 

4.4  (4).  10J 

(1) 

0.33 

15 

21 

- 

Mo 

6.759 

6.2  (15) 

- 

- 

- 

- 

_ 

Mo 

7.168 

8.2  (16)  102 

- 

- 

- 

- 

- 

1 [II]  “ lV(0)g ro/T  =1  assumed  c IV(0)g=l  assumed 

* [28]  (a  small  correction  has  been  applied  to  the  data  of  [28]) 

* Upper  limits  in  case  not  all  the  transitions  to  lower  levels  were  observed 

' Present  work  1 Previous  work 


form  M3S-41S 

IB  EV.  7.1  4.«4| 

use  OMM.OC  2SOIO-PS4 


U.S.  DEPARTMENT  OF  CC  -lMEFC 
NATIONAL  BUREAU  OF  STAMOAR3S 


PHOTONUCLEAR  DATA  SHEET  582 


Ruthenium,  the  last  of  the  platinum  metals  to  be 
discovered,  was  found  in  the  insoluble  residues 
arising  from  the  refining  of  the  extensive  alluvial 
deposits  of  native  platinum  found  in  the  Ural 
Mountain  region  of  Russia.  G.  W.  Osann  announced 
in  1828  that  he  found  three  new  elements  in  the 
residues;  he  called  them  pluran,  ruthen,  and  polin. 
His  work,  discredited  by  the  great  Berzelius,  later 
was  a stimulus  to  the  real  discovery  of  ruthenium  in 
1844  by  K.  K.  Klaus  from  the  University  of  Kazan. 
This  Russian  chemist  showed  that  Osann's  ruthenium 
oxide  was  very  impure  but  did  contain  a small  amount 
of  a new  metal.  Klaus  adopted  the  name  ruthenium, 
a latinized  name  for  Russia,  partly  for  patriotic 
reasons  and  partly  in  recognition  of  the  earlier 
work  of  Osann. 
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REF.  NO. 


44 


68  Ju  1 


EGF 


REACTION 

RESULT 

EXCITATION 

ENERGY 

SOURCE 

DETECTOR 

ANGLE 

TYPE  RANGE 

TYPE  RANGE 

G,N 

NOX 

THR-27 

C 27 

THR  5- 

DST 

w(e)  = ao  + + a2P2 


TABLE  I 


Target  element 

Z 

Energy 

Oa * 

*l/*0 

azlaa 

Vanadium 

23 

32 

640+50 

0. 1 1 +0. 10 

-0.09-0.  ! 1 

Chromium 

24 

22 

365  + 39 

0.02-r0.08 

0 . GO  — 0 . 10 

Manganese 

25 

22 

450  ±33 

0.07-0.05 

-0.  1 1 -0.06 

Bromine 

35 

27 

874  + 54 

0.05-0.06 

-0.15-0.03 

Molybdenum 

42 

*V> 

610  + 60 

0.09-^0.05 

-0.35-0.06 

Ruthenium 

44 

27 

1100+  25 

0.12-0.02 

-0.29-0.03 

Rhodium 

45 

27 

1270  + 47 

0.06-0.03 

-0. 14-0.03 

Palladium 

46 

27 

1350-29 

0.26  + 0.02 

-0.12-0.02 

Antimony 

51 

27 

2140  + 62 

0.04-0.08 

-0.25-0.11 

Lanthanum 

57 

27 

1940  + 70 

0. 12-0. 10 

-0.52-0.  14 

Praseodymium 

59 

30 

1800  + 58 

0.20  + 0.03 

-0.40+0.09 

Platinum 

78 

27 

2600-1-52 

0. 17-1-0.02 

-0.15-0.03 

Lead 

82 

22 

2274  + 59 

0.08-0.08 

-0.46-0.09 

•The  yield  per  mole  per  100  r wa*  normalized  to  a yield  of  2274  for  ihe  lead  sample  at  the  same  energy 
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Short-lived  isomers  in  the  nuclei  90,92Nb,  99Mo,  98-100-101Tc  and  t0,Ru  populated  in  *KeV , Isomer  LFT 

photonuclear  reactions  were  studied  by  pulsed  beam  techniques.  Energy  and  half-life  of 
the  y-rays  deexciting  the  isomeric  levels  were  measured  by  recording  energy-time  spectra. 

The  delayed  y-rays  and  K X-rays  were  detected  by  means  of  an  intrinsic  Ge-detector  of 
high  resolution.  From  the  measured  intensity  ratios  internal  conversion  coefficients  were 
determined.  The  multipolarities  of  the  isomeric  transitions  could  be  deduced  in  most  cases. 

A classification  of  the  observed  isomers  has  been  tried  on  the  basis  of  the  obtained  experi- 
mental results  and  most  recent  literature  data. 


TibW  1.  Experimental  results.  £:  energy.  halflife,  /ral:  relative  intensity,  L:  multipolarity,  H:  hindrance  factor 


Lise 

E [keV] 

T|/i  D»] 

T|  n [)*s] 
(weighted 
average) 

L. 

«* 

Intensity 

ratios 

L 

H 

**Nb 

K X-rav*  — 

l 

_ 

123 

122.6  ±0.2 

63  ±2 

15 

0.56  ±0.22 

El 

120 

*:Nb 

K X-rays  — 

— 

1 

- 

- 

- 

90 

90.4  ±0.2 

5.9  ±0.2 

10J 

0.14±0.01 

£1 

U • 10T 

"Mo 

K X-rays  — 

15.2  ±0.4 

15.5  ±0.2 

i 

- 

- 

- 

98 

97.8  ±0.1 

15.6  ±0.2 

0.95 

1.45  ±0.27 

El 

20 

138 

137.7  ±JD.2 

0.79  ±0.09 

0.76  ±0.06 

1 

Ml 

• 

449 

449.2  ±0.2 

0.74  ±0.08 

0.97 

0.97  ±0.08 

(A/2) 

(37) 

"Tc 

K X-rays  — 

14.8  ±0.5 

14.6  ±0.4 

1 

- 

- 

22 

21.8  ±0.2 

16.4  ±17 

from 

0.036 

Lj/fj  i = 

£l  + l?;.\/2  10T 

26 

— 

- 

X,  43 

- 

5.1  ±0.5 

(£2) 

- 

43 

43.5  ±0.2 

14.4  ±0.5 

0.18 

Ml 

- 

!*Tc 

K X-rays  — 

8.2  ±0.7 

8.2  ±0.3 

1 

- 

- 

29 

28.7  ±0.3 

- 

from 

0.027 

£2 

1 

172 

172J  ±0.3 

8.2  ±0.3 

X,  172 

12 

82  ±40 

(M 1,  £2) 

- 

1,lTc 

K X-rays  — 

- 

1 

- 

- 

- 

192 

1920  ±0.3 

636  ±8 

5.0 

0.26  ±0.06 

Ml 

560 

101  ftu 

K X-rays  - 

16.1  ±3.9 

17.5  ±0.4 

l 

— 

- 

220 

220.7  ±0.2 

17.4  r0.5 

from 

7.5 

(ioJlua  ” 

M2 

28 

306 

306.6  ±0.3 

17.7  ±0.6 

220,  306 

9.1 

1.2  ±0.1 

— 

— 
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Short-lived  isomers  in  the  nuclei  9092Nb,  "Mo,  and  l0,Ru  populated  in 

photonuclear  reactions  were  studied  by  pulsed  beam  techniques.  Energy  and  half-life  of 
the  y-rays  deexciting  the  isomeric  levels  were  measured  by  recording  energy-time  spectra. 
The  delayed  y-rays  and  K X-rays  were  detected  by  means  of  an  intrinsic  Ge-detector  of 
high  resolution.  From  the  measured  intensity  ratios  internal  conversion  coefficients  were 
determined.  The  multipolarities  of  the  isomeric  transitions  could  be  deduced  in  most  cases. 
A classification  of  the  observed  isomers  has  been  tried  on  the  basis  of  the  obtained  experi- 
mental results  and  most  recent  literature  data. 


*KeV,  Isomer  LFT 


T»bW  I.  Experimental  results.  E:  energy.  Tul:  hainife,  /^:  relative  intensity.  L:  multipolarity,  H:  hindrance  factor 


Line 

E [keV] 

Tm  Du] 

Tm  Cm] 

(weighted 

average) 

L, 

*r 

Intensity 

ratios 

L 

a 

’•Nb 

JC  X-ravj 

l 

- 

- 

123 

122.6  ±0.2 

63  ±2 

15 

0.56  ±022 

£2 

120 

,:Nb 

K X-rays 

— 

l 

- 

- 

- 

90 

90.4±02 

5.9  ±02 

102 

0.14  ±0.01 

£1 

L5  - 10T 

"Mo 

K X-rays 

152  ±0.4 

15.5  ±02 

1 

- 

- 

- 

98 

97.8  ±0.1 

15.6  ±02 

0.95 

1.45  ±0.27 

£2 

20 

138 

137.7  ±0-2 

0.79  ±0.09 

0.76  ±0.06 

1 

Lio/foi“ 

Ml 

- 

449 

449  2 ±0-2 

0.74  ±0.08 

0.97 

0.97  ±0.08 

(M2). 

(37) 

♦*Tc 

K X-rays 

14.8  ±0.5 

14.6  ±0.4 

1 

- 

- 

21.8  ±0.2 

16.4  ±17 

from 

0.036 

£1+I?i  M2 

10T 

26 

* 

— 

X.  43 

- 

5.1  ±0.5 

(£2) 

— 

43 

43.5  ±0.2 

14.4  +0.5 

0.18 

Ml 

:<!”Tc 

K X-rays 

8.2  ±0.7 

8.2  ±0.3 

1 

- 

- 

29 

28.7+0.3 

— 

from 

0.027 

f|7j/f 

E2 

1 

172 

172.3  ±0.3 

82  ±0.3 

X,  172 

12 

82  ±40 

(Ml,  £2) 

i,!Tc 

K X-rays 

— 

1 

- 

- 

- 

192 

192.0  ±0.3 

636  ±8 

5.0 

0.26  ±0.06 

M2 

560 

1#,ftu 

K X-rays 

16.1  ±39 

17.5  ±0.4 

l 

— 

- 

220 

220.7  + 0.2 

17.4  ±0.5 

from 

7.5 

tioJIiio  m 

M2 

28 

306 

306.6  ±0.3 

17.7  ±0.6 

220,  306 

9.1 

12+0.1 
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44 
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REACTION 
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OETECTOR 

angle 

TYPE  RANGE 

TYPE  RANGE 

R.  NG 

LFT 

221 (220.7)*307 ( 

306.6)  C 20,40 

SCD-D 
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Short-lived  isomers  in  the  nuclei  90,92Nb,  99Mo,  98-100  101Tc  and  10,Ru  populated  in 
photonudear  reactions  were  studied  by  pulsed  beam  techniques.  Energy  and  half-life  of 
the  y-rays  deexciting  the  isomeric  levels  were  measured  by  recording  energy-time  spectra. 
The  delayed  y-ravs  and  K X-rays  were  detected  by  means  of  an  intrinsic  Ge-detector  of 
high  resolution.  From  the  measured  intensity  ratios  internal  conversion  coefficients  were 
determined.  The  multipolarities  of  the  isomeric  transitions  could  be  deduced  in  most  cases. 
A classification  of  the  observed  isomers  has  been  tried  on  the  basis  of  the  obtained  experi- 
mental results  and  most  recent  literature  data. 


*KeV,  Isomer  LFT 


Table  1.  Experimental  result*.  £:  energy.  Tui:  hafflife,  relative  intensity.  L:  multipolarity.  H : hindrance  factor 


Line 

£ CkeV] 

Tui 

Ol 

Tm  [)*] 

(weighted 

average) 

/». 

** 

Intensity 

ratios 

L 

a 

’’Nb 

K X-ravs 

1 

— 

- 

- 

123 

122.6  ±0.2 

63 

±2 

13 

0.56  ±0.22 

£2 

120 

,:Nb 

K X-rays 
90 

90.4  ±0.2 

5.9 

±0.2 

1 

10J 

0.14  ±0.01 

£1 

u 

”Mo 

K X-rays 

15.2 

+0.4 

15.5  ±0.2 

1 

- 

- 

— 

98 

97.8  ±0.1 

15.6 

±0.2 

a.93 

1.45  ±0.27 

El 

20 

138 

137.7  ±j3J 

0.75 

>±0.09 

0.76  ±0.06 

1 

m 

Ml 

- 

449 

449.2  ±0 2 

0.74  ±0.08 

0.97 

0.97  ±0.08 

(Ml) 

(37) 

**Tc 

K X-rays 

_ 

14.8 

±0.5 

14.6  -0A 

1 

- 

— 

22 

21.8+0.2 

16.4 

+ 17 

from 

0.036 

/«/*«- 

£l  + l?i  A/2 

10  ’ 

26 

X.  43 

- 

5.1  ±0.5 

(£2) 

— 

43 

43.5+0.2 

14.4 

+ 0.5 

0.18 

Ml 

■°',Tc 

K X-rays 

8.2 

±0.7 

8.2  ±0.3 

1. 

f I7j/1 2*  “ 

- 

— 

29 

28.7+0.3 

_ 

from 

0.027 

E 2 

1 

172 

172.3  +0.3 

8.2 

±0J 

X,  172 

12 

82  ±40 

(Ml,  El) 

;,'Tc 

K X-rays 
192 

192.0  ±0.3 

636 

±8 

1 

5.0 

0.26  ±0.06 

Ml 

560 

‘•'Au 

K X-rays 

_ 

16.1 

±3.9 

17.5  ±0.4 

1 

^JOt/^120* 

— 

— 

220 

220.7  ±0.2 

17.4 

r0.5 

from 

7.5 

Ml 

28 

306 

306.6  ±0.3 

17.7 

+ 0.6 

220, 306 

9.1 

1.2±0.l 
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Isomeric  cross  section  ratios  were  measured  for  the  photonuclear  reactions  100Mo(7  n)  ISOMER  YIELD,  DE-EX  G 
^ 102RU(y,p) 'o^-rrc.  Using  the  HuiZenga-Vandenbosch.method  spin  cut- 
off parameters  were  deduced.  The  applicability  of  this  statistical  procedure  is  discussed.  A 
systematic  analysis  of  all  known  (y,.xn)  isomeric  ratio- measurements  shows  a linear 
correlation  between  derived  spin  cut-off  parameters  and  the  mean  value  of  the  spins  of 
the  isomeric  pair. 


Table  I.  Experimental  and  theoretical  results 


Process 

Targetspin  (A) 

£,(keV) 

*t/2 

,00Mo<7.»!) 

0” 

449.2 

760  ns 

137.7 

97.8 

15.5  us 

,0,Ru(7.  p) 

0* 

191.9 

636  ps 

306.6 

Spin  high  (A) 

Spin  low  (A) 

SCOP(A) 

11/2- 

5/2‘ 

0.11+0.02 

4.3  ±0.4 

11/2- 

1/2* 

a io  ±0.02 

4.3  ±0.4 

5/2* 

1/2* 

0.94  + 0.25 
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FIG.  I.  Angular  distributions  of  photonautions  obtain?  J i.i  irradia- 
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parison vve  have  shown  below  the  angular  distributions  of  photoneu- 
trons  with  energy  En  > 8 MeV  obtained  in  irradiation  of  the  same 
samples  by  bremsstrahlung  with  Ey  max  = 20  MeV. 
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Fig.  13.  Experimental  results  of  the  average  energy  Ea  of  the  GDR  versus  the  mass  number  A with 
the  best  fit  Ea  = 41.8  A~l,*a  (line  Dt).  Two  fits  with  A~i  and  A~i  laws  are  also  shown  as  lines 

D2  and  Dj  respectively. 
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Fig.  7.  PaniaJ  photoneutron  cross  sections  [a(y,  a)+a(y,  np)]  and  a(y,  2n)  for  4JRh,  4«Pd,  47Ag, 

*«Cd  and  *»In. 


E ( Ma V) 


Fig.  8.  Best  single  Lorentz  line  (It  to  <r„,(y,  tot)  - a(y,  n)+<r(y,  np)+<r(y,  2n)  for  *sRh,  *«Pd, 

♦7 Ag,  *«Cd  and  4«In. 
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ref.  Y.  Cauchois,  H.  Ben  Abdel aziz,  R.  Kherouf,  C.  Schloesing-Moller 
J.  Phys.  G7,  1539  (1981) 


EL  EM.  SYM. 


Rh 


103 


45 


METHOD 


REF.  NO. 


81  Ca  2 


J22- 


REACTION 

RESULT 

EXCITATION 

ENERGY 

SOURCE 

DETECTOR 

ANGLE 

TYPE  RANGE 

TYPE  RANGE 

fi-fi 

1 FT 

n,? 

C 0-2 

SCD-D 

(.803,1 .277) 

.803,  1 .277  MEV 

Abstract.  Lifetimes  of  49  excited  states  below  1.65  MeV  have  been  measured  in  ‘4Mg.  27Al. 

“Ti.  3*Ni.  3,Co.4,wNi.  4J43Cu.  M‘*'6iZn.  73 As,  ,0,Rh.  “3  ll3In.  1 “■ 1 '*• ' :oSn  and  ,lulJSb 
by  means  of  nuclear  resonance  fluorescence  experiments.  The  levels  are  excited  by 
bremsstrahlung  x-ray  photons.  The  self-absorption  technique  applied  to  suitable  cases 
provides  nuclear  absorption  cross  sections,  widths  and  lifetimes  from  which  the  x-ray 
spectral  distributions  are  also  obtained.  Scattering  experiments  are  performed  for  all  other 
cases  in  order  to  obtain  widths  and  lifetimes  from  these  x-ray  photon  curves.  The  Compton 
efTect  in  the  sample  is  taken  into  account.  Self-absorption  provides  gT0  from  which  T is 
deduced  using  adopted  J’  and  To/T  values;  scattering  provides  u = from 

which  T is  also  deduced  with  J,  To/T  and  mixing  ratios  taken  from  the  literature.  Thanks  to 
simultaneous  determination  of  the  x ray  spectra  all  the  lifetimes  as  given  by  our  programs 
with  their  statistical  errors  form  an  unusually  coherent  set  of  values. 


NUCLEAR  REACTIONS  (y.  /).  bremsstrahlung  excitation:  natural  isotopes;  '4Mg. 
«AI.  4*Ti.  5,Ni.  ”Co.  4L42Ni.  4,43Cu.  “““Zn.  73As.  10,Rh.  l,)  M3In.  ‘“•"'•‘“Sn 
and  IJUJJSb;  £ = 0.5-1.65  MeV;  measured  gfo  or  gffo/DI+'U?):  deduced  Tuj. 
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Tableau  3.  Resultats  des  mesures  des  niveaux  etudies  par  diffusion. 


Table  3.  Results  obtained  using  the  diffusion  method. 


u=g(ZllV)m0)  r(ps) 

Isotope 

Energie  (keV) 

J’ 

Jo 

ryr 

5 

(meV) 

ce  travail 

frcf(ps) 

References  t 

24Mg 

1368,59(4) 

2” 

0* 

i 

E2 

1.08(13) 

1,76(21) 

1.98(4) 

Encit  ct  van  der  Leun 

27  Al 

J* 

5* 

(1978) 

1014.45(3) 

0.971 

+ 0.35 1(12) 

0.186(13) 

2.20(16) 

2.12(8) 

Endl  et  van  der  Leun 

“Ti 

(1978) 

983.512(3) 

2’ 

0* 

1 

E2 

0.282(23) 

6.74(55) 

6.1(13) 

Been ( 1978) 

3,Ni 

1454,45(15) 

1 * 

0* 

1 

E2 

2.11(26) 

0.9(811) 

0.92(3) 

Kocher  et  Auble 

”Co 

1- 

l~ 

(1976) 

1099,224(25) 

1 

(E2) 

0.069(8) 

4.79(55) 

3.17(58) 

Kim  (1976) 

5,Co 

1458.8(3) 

y- 

l~ 

0.91 

(E2) 

0.68(8) 

1.17(14) 

1.52(16) 

Kim  ( 1976) 

3,Co 

1480.9(3) 

l * 

0.8 

<0.35* 

1.23(15) 

0.254(31) 

0.31(3) 

Kim  ( 1976) 

41  Ni 

1185,7(6) 

j- 

l~ 

0.77(8)* 

|0,14| 

1.88(49) 

0.21(5) 

0.16(3) 

Andreev  et  at  ( 1974) 

42  Ni 

1172,91(9) 

2* 

0* 

i- 

1 

E2 

0,88(17) 

2.15(42) 

2.09(3) 

Halbert  ( 1979a) 

4JCu 

1327.00(7) 

0.84 

(E2) 

1.04(14) 

0.84(11) 

0.88(4) 

Auble  (1979b) 

4JCu 

1412.05(4) 

I' 

i~ 

0.72 

+ o.6ij:J| 

0,260(38) 

1.90(28) 

1.61(3) 

Auble  (1979b) 

MZn 

991.54(7) 

2 ♦ 

0* 

1 

E2 

0,640(54) 

2.97(25) 

2.60(13) 

Halbert  ( 1979b) 

43Cu 

1481,83(5) 

i 

1- 

0.85 

(E2) 

1.13(19) 

0.79(13) 

0.49(5) 

Auble  (1975a) 

“Zn 

1039,37(6) 

2* 

0* 

1 

E2 

0,70(6) 

2.71(23) 

2.25(15) 

Auble  (1975b) 

MZn 

1077,38(5) 

2* 

0* 

1 

E2 

0.70(6) 

2.71(23) 

2.34(23) 

Lewis  (1975) 

71  As 
13As 
7sas 

As 

572.5(10) 

i~ 

i- 

J- 

1“ 

0.394 

0.236(26) 

4,14(46) 

3.5(9) 

Horen  et  Lewis  (1975) 

823,0(10) 

J- 

0.86" 

(E2) 

0.214(22) 

4.27(43) 

3.5(3) 

Robinson  et  al  ( 1967) 

865,5(10) 

1* 

0.834 

C 

0.78(6) 

0.863(63) 

0.60(12) 

Celliers  et  al  (1977) 

1076,0(10) 

0,94* 

0,3  8 4 

1.97(13) 

0.287(19) 

0.32(7) 

Celliers  et  at  (1977) 

7jAs 

1128.5(10) 

r 

3" 

1 

El4 

0.224(24) 

1.47(16) 

— 

,5As 

1349.0(10) 

i- 

j- 

0.67" 

0.20" 

1.61(29) 

0.180(32) 

0.12(3) 

Wilson  (1970) 

73As 

1370.0(10) 

4- 

i 

0.4 1* 

0.474 

0.64(13) 

0.218(44) 

— 

l01Rh 

803.1(2) 

[- 

i- 

0.70 

Ml 

I.SSl  16) 

0.174(15) 

— 

Harmatz  ( 1979) 

l03Rh 

1277.0(2) 

1- 

i- 

0,75 

-0.62(30)* 

0.81(9) 

0.87(10) 

1.3(9) 

tlarmau  ( 1979) 

"3ln 

1177(1) 

r 

!* 

1 

♦ 0.5(2) 

9.1(8) 

0.086(8) 

0.10(6) 

Tuttle  et  at  (1976) 

“5ln 

I5I(X  1) 

T . 
1 

?* 

0.935 

-oj}:  Si 

6.4(9) 

0,071(10) 

o.n}:S! 

Tuttle  et  al  ( 1976) 

"3In 

1077.7(10) 

i* 

!* 

0.81' 

(E2) 

0.159(24) 

1.61(24) 

1.23(7) 

Tuttle  et  al  ( 1976) 

,l3ln 

1290.59(3) 

y* 

r* 

0.98J 

(E2) 

1.31(11) 

0.66(6) 

0.55(4) 

Tuttle  et  al  ( 1976) 

113  In 

1448.78(3) 

v 

V 

0.86 

— 8f 

0.90(  1 1 ) 

0.50(6) 

0.52(20) 

Tuttle  et  al  ( 1976) 

"’In 

1486.1(1) 

!* 

4* 

0.787 

- 0.8f 

0.63(9) 

0.63(9) 

0.4(3) 

Tuttle  et  all  1976) 

"3ln 

1497.2(4) 

<i’> 

!• 

< 1 

(E2) 

1.33(16) 

< 0.30(4) 

— 

"3In 

1607.8(15) 

<n 

?• 

4 ! 

(E2) 

1.54(24) 

$0.26(4) 

— 

"4Sn 

1293.54(2) 

2* 

0* 

1 

E2 

3.58(37) 

0.53(6) 

0.522(14) 

Carlson  et  all  1975) 

n,Sn 

1229.64(4) 

2* 

0* 

1 

E2 

2.75(28) 

0.69(7) 

0.67(2) 

Carlson  et  all  1976) 

l20Sn 

1171.6(2) 

2* 

0* 

1 

E2 

1.83(16) 

1.04(9) 

0.91(2) 

Kocher  (1976) 

l2'Sb 

1023.5(10) 

i * 

!* 

1 

|0.57|* 

3.69(34) 

0.228(21) 

0.2(8  7)" 

Tamura  et  al  ( 1979) 

,2'Sb 

1 105.5(10) 

!* 

3' 

0.4 

— 

0.47(4) 

0.42(4) 

— 

,2lSb 

1 142.51 10) 

f* 

3' 

0.6 

(E2) 

0.85(8) 

0.449(40) 

0.41(8)" 

Booth  ei  all  1973) 

l2lSb 

1384.0(10) 

J* 

i ♦ 
; 

I 

|0.45|* 

4.7(5) 

0.0921 10) 

0.0881 14)" 

Booth  et  at  ( 1973) 

,2JSb 

1029.5(10) 

V 

T • 

1 

|0.57|* 

2.96(27) 

0.272(25) 

0.26(4)" 

Booth  et  al  ( 1973) 

,2’Sb 

1086.5(10) 

V 

7 • 
2 

1 

|d|  > 1.26* 

1.06(9) 

0.67(6) 

0.72(15)" 

Bixith  et  all  1973) 

+ References  pour  les  colonnes  3.  4,  5.  6 ct  9 de  chaque  ligne.  sauf  indication  appelee  au  has  de  ce  tableau.  Pour  les  autres  donnecs  se  reporter  au 
texte. 

Remarque.  Pour  calculer  a1  quand  nous  ne  disposons  que  de  fi(F.2).  pour  un  melange  (E2)<-(MI).  nous  dcduisons  t,’fotE2)or  BIEDE’ ; en 
admeltant  lilt/)  = I et  connaissant  r0/T.  notre  determination  de  u donne  une  premiere  approximation  de  yl'u  d'ou  une  vuleur  dc 
n'  -(^ru(E2))/(i'r0  -gfo(F.2))  qui  permet  d’ameliorcr  WO)  et  ^To  de  proche  on  prochc. 

' Swann  ( 197  I):  3 Robinson  el  at  < 1967); c H (0)  = O.99  calcule  d'apres  la  lormule  de  Celliers  et  at  ( 1977);  J Ahhondanno  el  ill  ( 1978);  * Saver  el  at 
( 1972);  1 Tuttle  et  at  ( 1976);  1 d’apres  fl(E2)  de  Barnes  et  at  ( 1966);  * calcule  d’apres  Booth  el  at  ( 1973); 1 Williams  ei  at  ( 1975); 1 Dietrich  el  at 
( 1970). 
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PALLADIlii 

Z=i*S 


Willi  am  Wollaston  first  isolated  palladium  from  crude 
platinum;  in  1803  he  announced  the  discovery  by  circulat 
an  anonyomous  advertisement  of  the  new  metal  for  sale. 
Because  of  this  unorthodox  announcement,  it  was  widely 
thought  that  the  new  metal  was  not  an  element  but  an 
alloy  of  platinum  and  mercury.  A year  later,  however, 
Wollaston  explained  his  source  of  the  palladium  along 
with  an  announcement  of  his  discovery  of  yet  another  new 
element,  rhodium. 


REF. 


P.  Kneisel,  A.  GoLdmann  and  H. 
Z.  Physik  122,  440  (196?) 

METHOO 

Linac 


v.  ButtLar 


Cl.  C.M.  J?M.  , A 


Pd 


REF.  NO. 

67  Kn  L 


JDM 


REACTION 

RESULT 

EXCITATION 

ENERGY 

SOURCE 

DETECTOR 

ANGLE 

TYPE  RANGE 

TYPE  RANGE 

GrT 

RLY 

THR-49 

C 36,49 

ACT- 1 

4PI 

Tabelle.  Zusammenstellung  der  Mefiergebnisse 


£„- 36,2  MeV 

£,-49.2  MoV 

rW(y,t)VY[C(y,n)C"] 

(2,2  ±0,2)  10~3 

(4,6 + 0,4)  10"3 

Y[?d(y,t)VY[C(7,n)Cn] 

— 

(6,1  ± 1,0)  10~3 

fr,[Ni(y,/)l 

(4,0+  0,4)  nbam 

(10,5+1,0)  |ibam 

fry  [Pd  (y,  /)] 

— 

(13,8  + 2,3)  ubam 
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REF. 


J.  W.  Jury,  J.  S.  Hewitt,  and  K.  G.  McNeill 

Can.  J.  Phys.  _4c,  1823  (1968) 


ELEM.  SYM. 


Pd 


46 


METHOD 


REF.  NO. 


REACTION 

RESULT 

EXCITATION 

ENERGY 

SOURCE 

OETECTOR 

ANGLE 

TYPE  RANGE 

TYPE  RANGE 

G,N 

NOX 

THR-27 

C 27 

THR  5- 

DST 

W(e)  = ao  + a]B1  + a2P2 


TABLE  I 


Target  element 

Z 

Energy 

0o* 

(in  a o 

Vanadium 

23 

32 

640  + 50 

0.11=0.10 

-0.09-0. 1 1 

Chromium 

24 

365  ±39 

0.02-0.08 

0.00-0.  10 

Manganese 

25 

450  = 33 

0.07-0.05 

-0.  11-0.06 

Bromine 

35 

27 

874-54 

0.05-0.06 

-0.15-0.08 

Molybdenum 

42 

■v> 

610=60 

0.09-1-0.05 

—0.35  — 0.06 

Ruthenium 

44 

27 

1100=25 

0. 12  + 0.02 

-0.29-0.03 

Rhodium 

45 

27 

1270  ±47 

0.06-0.03 

-0.  14-0.03 

Palladium 

46 

27 

1350  ±29 

0.26  = 0.02 

-0.  12-0.02 

Antimony 

51 

27 

2140  ±62 

0.04-0.08 

-0.25-0.11 

Lanthanum 

57 

27 

1940  ±70 

0.  12-0. 10 

-0.52-0. 14 

Praseodymium 

59 

30 

1800  ±58 

0.20-0.08 

-0.40  + 0.09 

Platinum 

78 

27 

2600  ±52 

0. 17-0.02 

-0.  15-0.03 

Lead 

82 

22 

2274  = 59 

0.08  + 0.08 

-0.46  = 0.09 

•The  yield  per  mole  per  100  r was  normalized  to  a yield  of  2274  for  the  lead  sample  at  the  same  energy. 


form  NBS-418 

IRCV.  7-14-64) 

USC  OMM-OC  26010-P64 


U.S.  DEPARTMENT  OF  COMMERCE 
NATIONAL  BUREAU  OF  STANOAROS 


PHOTONUCLEAR  DATA  SHEET  628 


4.6  4.7  4.8  4.9  5.0 


Fig.  13.  Experimental  results  of  the  average  energy  Ea  of  the  CDR  versus  the  mass  number  A with 
the  best  fit  Ea  = 41.8  A~ 1,4-8  (line  Dt).  Two  fits  with  A~i  and  A~l  laws  are  also  shown  as  lines 

D2  and  Dj  respectively. 


Table  6 

Lorentz  line  parameters  for  a single  Lorentz  line  fit 


‘2>Rh 

*«Pd 

*?Ag 

.tsCd 

‘i|rn 

<r0  (mb) 

191 

199 

198 

226 

243 

r0  (MeV) 

7.4  ±0.1 

7.1  ±0.1 

7.7  ±0.1 

6.3  ±0.1 

6.1  —0.1 

To  (MeV) 

16.15 

15.9 

16.1 

15.8 

15.3 

Errors  are  the  same  as  in  table  4. 
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Fig.  7.  Partial  photoneutron  cross  sections  [ <r(y , n )Jro(y,  np)]  and  <x(y,  2n)  for  «jRh,  **Pd,  4TAg, 

isCd  and  ^In. 


Ef  (M.V) 

Fig.  8.  Best  single  Loren tz  line  fit  to  <r.„(y,  tot)  =*  <r(y,  n)-r<7(y,  np)  + a(y,  2n)  for  4jRli,  4*Pd, 

47 A g,  «|Cd  and  4oIn. 
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Pd 


A=1 04 


■ 


Y.  Oka,  T.  Kato,  K.  Nomura,  T.  Saito 
Bull.  Chem.  Soc.  Japan  ^1,  380  (1968 


METHOO 


Hui-Tuh  Tsai 


Pd 


104 


REF.  NO. 


68  Ok  3 


egf 


REACTION 

RESULT 

EXCITATION 

ENERGY 

SOURCE 

OETECTOR 

ANGLE 

TYPE  RANGE 

TYPE  RANGE 

G ,NP 

ABY 

THR-20 

C 20 

ACT- 1 

4PI 

Table  2.  The  yields  op  some  (f,  pn)  reactions 

WITH  20MeV  BREMSSTRAIILUNO 


Reaction 

Half-life 

of 

product 

Specific 

activity*' 

(/iCi/mg) 

Yield 

(mol-,'R-,> 

MFe^y,pn)MMn 

3l4d 

2.5x  I0-* 

3.6x  10* 

MZn(r,  pn)**Cu 

13  hr 

7.2x  I0-* 

7.5x10* 

'•‘Pd(r,  pn)"«Rh 

210d 

l.lx  I0-* 

1.7x  10* 

a)  The  value  corrected  at  the  end  of  I hr  irradia- 
lion  (9.4  X 10*  R/min). 
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FIG.  1.  Inelastic  electron  scattering  form  factors 
for  the  and  unresolved  0;*,  2?+,  and  4/  levels  In 
,0*Pd  at  an  incident  energy  of  250  MeV.  The  triplet 
form  factors  are  compared  with  the  sum  of  the 
and  4j*  form  factor  (dotted  line)  and  2j*  form  factor 
(dashed  line). 


TABLE  IL  Values  of  the  radiative  transition  rates  for  the  crossover  and  cascade  transi- 
tions from  the  2j*  state. 


t°Spd 

t,4Cd 

Present 

Experimental 

Present 

Experimental 

B(£2,2,-—  2,-) 
B(£2, 2,+  — 0+) 

A*jy-0.U 

0.96  ±0.13* 

i eg*0.08 
A.OO_  0.  j3 

0.75  ± 0.20b 
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,0*Pd  0.97c,  * 

l.O5*0  b 0.23 

0.23 

50  ±5 

-0.51  ±0.07 

48±3C 

42  ±3d 

- 0.458 ±0.059  d 

,14Cd  O.95c0  e 

* = *0f  0.18 

0.19 

29  ±3 

-0.36  ±0.07 

31  ±2« 

-0.32  ±0.08  8 
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— 0.38h 

*c  o = 5.14  fm. 
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8 Ref.  3. 
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1 (1970). 
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vrwAr;  v . ; ' ['ltttiig  of  the  *°gw  giant  dipole  resonance 

T.  K ■ >iguo,  i-l  -if i- 1 H.  M.  Gpicer , School  of  Physics,  University  of  Melbourne, 

Parkville,  Victoria  i <"' • > 2 , Australia 

The  I0BF>1  phofonejmn  production  cross  section,  and  the  108W(y,p)107Rh  cross  section  have 
been  measured  bv  direct  neutron  det=r»imn,  and  by  counting  the  305  keV  y-ray  in  tne  residual 
1 17Rh,  respectively.  Poth  cror  -ctionr  were  unfolded  from  yield  -urves  by  the  method  of 
Penfold  and  Leiss.  !"-,rre'"  L >r.  war,  -ad.'  to  the  neutron  production  cross  section  for  the  double 
weighting  of  the  (•,  ,/n)  reaction.  The  two  cross  sections  are  shown  in  the  figure. 

The  low  energy  spectrum  of  ln,,Fk.  ir.  a good  approximation  to  that  of  a apnerivil  vibrator, 
the  vibrations  having  comparatively  large  amplitude.  Hence  10HRd  is  a good  test  for  the  dyn- 
amic collective  model  of  the  giant  resonance  (Huber,  Danos,  Weber  and  Greiner,  Phys.Rev.  155 
C1967)  1073),  in  which  quadrupole  surface  vibrations  are  coupled  to  the  giant  dipole  vibration. 

A fit  to  the  predicted  dipole  spectrum,  using  Lorentz  line  shapes,  is  shown  in  the  figure. 

• Reasonable  agreement  is  evident,  although  the  theoretical  peak  at  16.75  MeV  is  not  matched  in 
the  experiment.  The  additional  strength  at  lower  energies  is  attributed  tentatively  to  single 
particle  effects. 

Fallieros,  Goulard  and  Venter  (Fhys.Lett.  19  (.1965)  398)  have  suggested  that  the  giant 
dipole  resonance  should  be  split  into  two  components  with  isospins  T0  (=  '1-7./ 2)  and  T0  + 1. 

In  a sufficiently  heavy  nucleus,  these  components  are  represented  by  the  (y ,n)  and  (y,p)  cross 
sections  respectively.  Accepting' this  break-up,  the  separation  of  the  T-components  in  1 09Pd 
is  v 6 MeV.  The  ratio  of  the  strengths  in  the  two  components  is  0.0235;  this  is  to  be  com- 
pared with  Macfarlane’s  estimate  of  this  ratio  (in  "Isobaric  Spin  in  Muclear  Physics",  eds. 

J.  D.  Fox  and  D.  Robson,  Acadenic  Press,  1966)  of  D/T0  where  the  avnamicai  factor,  D,  is  less 
than  unity. 
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Fig.  2.  (a)  The  (y,  p)  crow  section  in  l0,Pd,  obtained  using  an  analysis  bin  width  of  1.5  M«V.  (b)  The 
(y.  n)+(y,  np)+(y,2n)  cross  section  in  lMPd,  obtained  using  an  analysis  bin  width  of  0.5  MeV. 


F,S*  3-  The  O'.  Q)+(V.  P)+(y.  np)+(y,  2n)  cross  section  in  l8,Pd,  obtained  using  an  analysis  bin 

rowM  NBS-4  W,dtl1  ot  °'S  MeV’  comPared  with  1 fit  of  Lorentz  line  shapes  with  widths  1.0  MeV,  to  the  *°*Pd 
(Rev.  7-i *.«  dipole  spectrum  predicted  by  Huber  *). 
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Ground  State  Isospin  CL) 

Fig.  7.  The  ratio,  for  five  nuclei,  of  the  “bremsstrahlung  weighted”  cross  sections  for  proton  and 
neutron  production,  respectively  (circles  with  error  bars),  as  a function  of  the  ground  state  isospin, 
7*o.  Crosses  represent  theoretical  estimates  of  the  relative  strengths  of  the  r0+l  and  7*0  giant  dipole 
resonances.  The  continuous  curve  gives  the  “geometric  factor”,  1 IT0. 
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Table  1 

Experimental  and  theoretical  results 
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Abstract.  The  elastic  electron-scattering  form  factor,  and  inelastic  form  factors  for  the  Comment  Z Elastic  & inelastic  Scattering 
2f  (0-434  MeV),  2*  (0-431  Me  V)  and  3"  (2-046  MeV)  states  in  ‘’’Pd  were  measured.  data  given  in  tWO  tables. 

The  ground-state  charge  distribution  parameters  were  obtained  from  a phase-shift  analysis 
of  the  elastic  form  factor.  Analysis  of  the  2,*  and  2T  form  factors  in  the  enharmonic 
vibrator  model  yields  the  reduced  transition  probabilities  and  the  2*  quadrupote  moment 
(£);-)  which  is  in  excellent  agreement  with  recent  Coulomb  reorientation  measurements. 

The  3"  form  factor  is  well  described  by  the  assumption  that  this  state  is  a pure  octupole 
vibration. 


£ "3 
r*  e 
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Figure  3.  106  Pd  elastic  form  factor.  The  full  curve  is  the  phase-shift  best  tit.  The  error 
bars  are  smaller  than  the  data  points. 
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Figure  4.  2,*  and  form  factors — inharmonic  model  fits.  The  fits  to  the  2j  are  respect- 
ively cos  <fi  = — l ( ),  cos  <j>  =■  + l ( ) and  pure  harmonic  two-phonon  I ). 


Figure  5.  3‘  form  factor.  The  full  curve  is  the  best  St  assuming  the  level  to  be  a single 
octupole  phonon  vibration. 
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(ii)  Destructive  interference. 
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Fig.  4.  The  ll0Pd(y,  n)‘°*“Pd  cross  section,  obtained  using  an  analysis  bin  width  of  1.0  MeV, 
compared  with  a fit  of  Lorentz  line  shapes  with  widths  1.0  MeV,  to  the  ll0Pd  dipole  spectrum 

predicted  by  Huber  *). 

SM.  G.  Huber,  private  communication  (1967). 
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76  Ba  1 


egf 


REACTION 

RESULT 

EXCITATION 

ENERGY 

SOURCE 

OETECTOR 

ANGLE 

TYPE  RANGE 

TYPE  RANGE 

G,N 

RLY 

THR-UKN 

C LJKN 

SCD-D 

4PI 

ISOMER  RATIO 


Table  1 

Experimental  and  theoretical  results 


Process 

Target- 

spin 

(keO) 

a* 

Spin 

high 

Spin 

low 

“n,  — 

°i<r- 

SCOP (ft) 

1,1Ta(y,  3n) 

i* 

93 

2.2  h 
9.31  min 
8.15  h 

7- 

1* 

0.51  ±0.09 

3.6  ±0.2 

*4*Nd(y,n) 

0* 

755 

63  s 

i+ 

0.055 ±0.006 

Z20±0.06 

1100-1300, 

2.5  h 

0.19  ±0.01*) 

145 

’‘Mao',  n) 

04 

652.9 

66s 

*♦ 

i- 

1.03  ±0.21 

5.03  ±0.75 

1208. 1508. 

15.49  min 

0.85  ±0.07*) 

4D5 

1581. 1(37 

1.92  ±0.15*) 

1#0Mo(y.n) 

0+ 

97.3 

16.8  /is 

*♦ 

0.85  ±0.24 

1.72  ±0.25 

140J 

66.02  h 

10,Pd(y,n) 

0+ 

214.5 

22s 

*♦ 

0.5  ±0.2 

3.4  ±0.5 

115 

850  ns 

w0Pd(y,n) 

o4 

188 

4.7  min 

4* 

0.11  ±0.02 

3.14±0.15 

113 

390  ns 

i* 

0.41  ±0.09 

3.0  ±0.25 

87.7 

13.47  h 

*♦ 

i* 

3.2  ±0.7 

3.3  ±0.4 

**Y(y.n) 

i- 

231.7 

14.2  ms 

8+ 

1 ♦ 

0.056±0.008 

442.3 

392.5 

300  fu 

•)  Ref.  “).  “)  Ref. »).  14 

^^P.E.  Haustein  et  al.,  J.  Inorg.  Nucl.  Chem.  33 , 289  (1971) 
J.  H.  Carver  et  al.,  Nucl.  Phys.  37,  449  (1962) 
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no 
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REF.  NO. 


76  Li  5 


hmg 


REACTION 

RESULT 

EXCITATION 

ENERGY 

SOURCE 

detector 

ANGLE 

TYPE  RANGE 

TYPE  RANGE 

E,E/ 

FMF 

0,  1 

D 39-111 

MAG-D 

127 

(.374, .81) 

TABLfc  VI.  Anharmonic  vibrator  model  parameters. 


l“Pd 

1MCd 

“*Sn 

c„  (fm) 

5.169  ± 0.022 

5.214  ±0.021 

5.446±  0.048 

*a  (fm) 

0.529  ±0.039 

0.593  ±0.040 

0.550  ± 0.047 

0, 

0.277  ±0.012 

0.218  ±0.009 

0.124  ±0.004 

a 

0.2011±  0.0044 

0.1749±  0.0060 

0.14  ±0.02* 

B(£ 2f)  (FJfm‘). 

7966±  682 

5753  ±475 

2288 ± 148 

X2(Z t)/(Af-P) 

1.3 

1.5 

1.2 

N-P 

3 

3 

4 

B (£2j)  («lfm4) 

72.9  ±8.0 

50.2  ± 7.6 

19.81}® 

X2(2 \)/{N-P) 

3.0 

3.0 

1.0 

N-P 

S 

5 

6 

* Fit  estimated  by  eye. 


curves  are  fits  based  on  the  anharmonic  vibrator  model. 
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TABLE  m.  Ratios  of  Inelastic  scattering  cross  sections  to  Z*pMoU. 


Et 

(MeV) 

0 

(deg) 

52Cr 

1.43  MeV,2+  state 

3.16  MeV, 2*  state 

39.38 

127.74 

(0.90  ±0.04)-03 

(0.55  * 0.55) -05 

49.44 

127.74 

(0.1594:  0.006)-02 

(0.29  * 0.07)-04 

59.84 

127.71 

(0.26  * 0.02) -02 

(0.89  * 0.30)-04 

75.22 

127.71 

(0.265*  0.007)-02 

(0.842*  0.012) -04 

92.73 

127.74 

(0.2224:  0.005)-02 

(0.428*  0.052) -04 

110.20 

127.69 

(0.97  * 0.02)-03 

(0.222*  0.044) -04 

‘“Pd 

Et 

0 

(MeV) 

(deg) 

0.374  MeV,  2*  state 

0.81  MeV,  2|  state 

39.38 

127.74 

(0.35  * 0.03)-02 

(0.45*  0.14)-04 

49.44 

127.74 

(0.40  * 0.02)-02 

(0.10*  0.01) -03 

59.84 

127.71 

(0.40  * 0.02)-02 

(0.10*  0.01)-03 

75.22 

127.71 

(0.2334=  0.003) -02 

(0.86*  0.07)-04 

92.73 

127.74 

(0.40  * 0.05) -03 

(0.48*  0.06) -04 

110.20 

127.69 

(0.23±0.01)-03 

(0.17*  0.17) -05 

”‘Cd 

Ei 

0 

(MeV) 

(deg)  0.558  MeV, 2?  state 

1.208  MeV,  25  state 

39.38 

127.74 

(0.20  *0.02) -02 

(0.46*  0.07) -04 

49.44 

127.74 

(0.28  * 0.02) -02 

(0.40*  0.0 6)-04 

59.84 

127.71 

(0.2204: 0.0 14) -02 

(0.58*  0.11)-04 

75.22 

127.71 

(0.1184k  0.005)  -02 

(0.34*  0.04)-04 

92.73 

127.74 

(0.204  ±0.00  7)  -03 

(0.11*  0.04) -04 

110.20 

127.69 

(0.1554: 0.007) -03 

(0.61*  0BS)-05 

*“Sn 

E, 

0 

(MeV) 

(deg) 

1.294  MeV,2j  state  2.112  MeV,2|  state 

2.266  MeV, 3"  state 

39.38 

127.74 

(0.65*  0.04)-03 

(0.684: 1.05)-05 

(0.18*0.02) -03 

49.44 

127.74 

(0.88*  0.04)-03 

(0.264: 0.69)  -05 

(0.40*  0.0 1)-03 

59.84 

127.71 

(0.84*  0.03) -03 

(0.21*  0.06)  -04 

(0.63*  0.02) -03 

75.22 

127.71 

(0.364:  0.02) -03 

(0.5  * 7.4)-06 

(0.84  * 0.02) -03 

75.02 

127.81 

(0.34*  0.02) -03 

(0.47*  0.39) -05 

(0.82*  0.01)-03 

92.73 

127.74 

<0.50*  0.09) -04 

(0*  0.19)-04 

(0.60*  0.0 1)-03 

110.20 

127.69 

(0.85*  0.10) -04 

(0*  0.8) -06 

(0.14*  0.0 1)-03 
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DEFINITIONS  OF  ABBREVIATIONS  AND  SYMBOLS 


Note:  In  this  list  definitions  are  given  for  various  photoneutron 

reactions  in  which  the  following  symbols  are  used:  N,  NL,  nN,  SN  and  XN. 

Corresponding  definitions  apply  for  reactions  involving  other  nuclear  particles 
where  the  symbols  N (neutron)  is  replaced  by,  e.g.  P,  D,  T,  HE,  A etc.  Where 


unknown  reactions  result  in  the  production  of  a 

specific  radionuclide,  the 

chemical  symbol  and  mass  number  is  listed 

as  the  reaction  product,  e.g.  a G,NA22 

reaction  in  59c0. 

A 

alpha  particle 

response  function.  Contrast 
with  D = discrete. 

ANAL 

analysis 

CCH 

cloud  chamber 

ABI 

absolute  integrated  cross-section 
data 

CF 

compared  with 

ABX 

absolute  cross-section  data 

CHRGD 

charged 

ABY 

absolute  yield  data.  Often  means 
cross-section  per  equivalent 

CMPT 

Compton 

quantum  is  listed. 

COIN 

coincidence,  coincide 

COINC 

ACT 

measurement  of  induced  radio- 
activity of  the  target 

COH 

coherent 

ASM 

asymmetri c , asymmetry 

CK 

Cerenkov 

AVG 

average 

D 

deuteron  or  discrete.  When 
discrete,  it  is  used  to 

BBL 

bubble  chamber 

describe  a photon  source  or 
a detector  response  function. 

BEL 

reduced  electric  radiative 

Contrast  with  C = continuous. 

B ( EL ) 

transition  probability 

DLTE 

energy  loss 

BF3 

BF3  neutron  counter  with  moder- 
ator e.g.,  Halpern  detector, 
long  counter 

DLTQ 

momentum  transfer 

DST 

distribution 

BML 

reduced  magnetic  radiative 
transition  probability,  B ( ML ) 

DT  BAL 

detailed  balance 

BREAKS 

levels  located  by  "breaks"  in  the 
yield  curve 

E 

electron 

E/ 

inelastically  scattered 

BRKUP 

breakup 

electron 

BRMS 

bremsstrahlung 

E+ 

positron 

BTW 

between 

EDST 

energy  distribution  or 
spectrum 

C 

continuous.  Used  to  describe  a 
photon  source  or  a detector 

E/N 

used  only  to  indicate  a coinc 
dence  experiment  as  in  (E,E/N 

665 


N stands  for  any  outgoing 
particle  measured  in  coinci- 

KE 

kinetic  energy 

may  be  an  integer  or  zero 

dence  with  an  inelastically 

L 

scattered  electron.  Distin- 

that always  follows  a reaction 

guish  from  eg.,  (E,N)  which  is 

product  symbol.  This  is  used 

used  to  represent  an  electron 

to  indicate  transitions  to 

induced  reaction  when  only  the 
outgoing  particle  N is  detected. 

specific  states  in  the  residual 
nuclide.  When  the  letter  is 
used  as  in  (G,NL)  the  cross 

EMU 

emulsions  (photographic  plates) 

section  given  is  that  for  the 
sum  of  transitions  to  two  or 

EXCIT 

excited 

more  specific  final  states. 

F 

fission 

LFT 

excited  state  lifetime 

FMF 

form  factor 

LIM 

1 i mi  t 

FM-1 

inverse  femtometers 

LV  ,LVS 

level,  levels 

FRAG 

fragment 

LQD 

1 iqui d 

G 

photon 

MAG 

magnetic  spectrometer 

G/ 

inelastically  scattered  photon 

MEAS 

measurement! s ) 

G-WIDTH 

gamma-ray  transition  width 

MGC 

magnetic  Compton  spectrometer 

HAD 

hadrons,  hadron  production 

MGP 

magnetic  pair  spectrometer 

HE 

^He  particle 

MOD 

moderated  neutron  detector  not 

He3 

employing  a BF3  counter,  e.g. 
rhodium  foil,  Szi 1 ard-Chal mers 

INT 

interaction,  integral. 

reaction,  ^He,  6i_i  reactions, 

i ntensi ty 

GD  loaded  liquid  scintillator, 
etc. 

INC 

includes 

MSP 

mass  spectrometer 

ION 

ionization  chamber 

MULT 

multiple,  multi  pole,  multiplicity 

ISOB 

isobaric 

MU-T 

used  only  in  combination  with  G 

ISM 

i somer 

to  indicate  a total  photon 
absorption  cross  section  measure- 

J 

multiplicity  of  particle 

ment,  i.e.  (G,MU-T) 

defined  by  following  symbol 
e.g.  (G,PJN)  with  remark 

N 

neutron  (see  also  XN  and  SN). 

J = 2, 3, 5, 7 

The  notation  (G,N)  is  used  to 
i ndi cate  a reacti on  i n whi ch  only 

JPI 

spin  and  parity  of  a nuclear 

a single  neutron  is  emitted,  i.e. 

J-PI 

state 

the  reaction  that  can,  in  many 
cases,  be  measured  by  observing 

K 

second  multiplicity  index,  e.g. 

the  radioactive  decay  of  the 

~ 

(G,JPKN)  with  both  J & K posi- 
tive integers  greater  than  1 

residual  nuclide. 

666 


nN  where  n is  any  integer.  (G,nN) 

indicates  the  sum  over  all 
reaction  cross  sections  in  which 
n neutrons  are  emitted. 


SN  sum  of  neutron  producing 

reactions,  a( y,SN)=<j(y,N) 

+ cr(Y,NP)  + a(y,2N)  + a(y,3N) 

+ etc. 


NAI 

Nal(Tl)  spectrometer 

NEUT 

neutron(s) 

NOX 

no  cross-section  data 

P 

proton  (see  also  XP) 

PART 

parti  cl e( s) 

PHOT 

photon(s) 

PI 

pion,  usually  written  as  PI+, 
PI-,  PIO  to  indicate  charge 

POL 

polarized  or  polarization 

Q-SQUAR 

momentum  transfer  squared  (q2) 

RCL 

recoi 1 

REL 

relative 

RLI 

relative  integrated  cross- 
section  data 

RLX 

relative  cross-section  data 

RSP 

reaction  spectrometer 

RLY 

relative  yield  data 

SCTD 

scattered 

SPC  photon  or  particle  energy 

spectrum 

SPK  spark  chamber 

SPL  spallation 

ST AT  statistical 

SYM  symetric,  symmetry 

T triton 

TEL  counter  telescope 

THR  threshold  for  reaction  or 

threshold  detector,  e.g., 

29Si(n,p)29Al. 

TOF  time-of-fl ight  detector 

TRK  tracks  of  particles  or  frag- 

ments observed  in  solid 
materials  (glass,  mylar,  etc.) 

TRNS  transition 

UKN  unknown 

UNK 

VIB  vibrational 

VIR  PHOT  virtual  photon(s) 


SCD  semiconductor  (solid  state) 

detector 

SCI  scintillator  detector  other  than 

Nal , e.g.,  Csl,  KI,  organic 
(liquid  or  solid),  stilbene,  He 

SEP  separation 

SEP  ISOTP  separated  isotope  used 

SIG  SIGMA  (cross  section) 


XN  all  neutrons,  total  neutron 

yield,  a(y,XN)  = a(y,N)  + 2a 
(Y,2N)  + 3a(y,3N)  +a(y,NP)  + etc. 

XP  all  protons,  total  proton  yield 

a(Y,XP)  = a(y,p)  + c(y,NP)  + 
2a(Y,2P)  + etc. 

XX  reaction  products  defined  in 

XXX  REMARKS 


YLD  yield 


667 


4PI  a 4 tt  geometry  was  used  or  a 

method  like  radioactivity  or  a 
total  absorption  measurement 

999  energy  defined  in  REMARKS  * or  @ 

$ indicates  the  measurement 

involved  beams  or  targets 
that  were  either  polarized 
or  aligned,  or  that  the  polar- 
ization of  the  reaction 


products  was  determined. 

The  polarized  particle  is 
indicated  in  REMARKS. 

symbols  used  to  indicate  that 
the  units  associated  with  the 
numerals  on  one  or  both  sides 
of  the  symbol  in  a specific 
column  are  not  MeV.  The  units 
are  defined  in  REMARKS. 
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